
 

 

 

D3.1: Guideline I - nZEB 

Processes  

 
 

 

COST REDUCTION AND MARKET  

ACCELERATION FOR VIABLE  

NEARLY ZERO -ENERGY BUILDINGS  

 

Effective processes, robust solutions, new business models and reliable life cycle costs,  

supporting user engagement and investorsõ confidence towards net zero balance. 

 

CRAVEzero - Grant Agreement No. 741223 

WWW.CRAVEZERO.EU 

 

 
 

 

 

This document has been prepared for the European Commission however it reflects the views only of the authors, and the Commission cannot be held 

responsible for any use which may be made of the information contained therein. 

Co-funded by the Horizon 2020 

Framework Programme of the European Union 



 
 

 

 

 

 

 

 

 

 

 

D3.1: Guideline I  - nZEB 

Processes  

 

 

 

 

Authors (Editors): 

 

Tobias Weiss 1, Klara Meier 2, Armin Knotzer 1, Regina Höfler1 

 
 

Authors (Contributors): 

 

Anna Maria Fulterer 1, Jens Gloeggler2, Roberta Pernetti3, Federico Garzia3, Bjorn Berggren4; Åse Togerö4; 

Benjamin Köhler5, Ramy Saad6, Christian Denacquard6, Cristina Foletti7, Mirco Balachia8, Davide Torriglia8 

 
1 AEE INTEC  
2 ATP Sustain  

3 eurac research 
4 Skanska 

5 Fraunhofer ISE 
6 Bouygues Construction 

7 Moretti 
8 3i engineering 

 

 

 

 

February, 2019 

 

 

 

 

 

Disclaimer Notice: This document has been prepared for the European Commission however it reflects the views only of the au-

thors, and the Commission cannot be held responsible for any use which may be made of the information contained therein. 



 
 

FOREWORD  

 

This report summarises the results of Work Package ôWP03 ð Cost reduction potentials in processesô, part of 

the Horizon2020 - CRAVEzero project

 
Figure 1: CRAVEzero approach for cost reductions in the lifecycle of nZEBs. 

 

 

Cost optimal and nearly zero energy performance 

levels are principles initiated by the European Un-

ionõs (EU) Energy Performance of Buildings Di-

rective, which was recast in 2010 and amended 2018. 

These will be major drivers in the construction sec-

tor in the next few years because all new buildings in 

the EU from 2021 onwards are expected to be nearly 

zero energy buildings (nZEB). While realised nZEBs 

have clearly shown that nearly-zero energy target 

could be achieved using existing technologies and 

practices, most experts agree that a broad scale shift 

towards nearly-zero energy buildings requires signif-

icant adjustments to prevailing building market 

structures. Cost-effective integration of efficient so-

lution sets and renewable energy systems, in a form 

that fits with the development, manufacturing and 

construction industry processes, as well as with 

planning, design, and procurement procedures, are 

the major challenges. 

 

The following guideline presents a framework for 

ensuring the process quality of the new nZEBs. We 

will outline the key actions needed to ensure the 

achievement of energy and cost related goals pre-

senting a replicable planning, design, construction, 

and operation process. The development of a clear 

and comprehensive life cycle process that includes 

the potential for specific and measurable actions 

(both cost savings and energy) is critical to ensure 

goals are met in a cost-effective manner.  
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In this guideline the òCRAVEzero processó is described. It organises the process of briefing, designing, con-

structing and operating nZEBs in different life cycle phases. Actions, stakeholder-relations, pitfalls and bot-

tlenecks, as well as the required goals, are pointed out in detail. Considering the importance and the complexity 

to reach the nZEB standard in a cost-optimal way for all the different stakeholders during the process, mul-

tiple actions are required. These are however missing in the standard planning process. This report provides 

an operative methodology to achieve the best conditions towards cost optimal nZEBs in the whole planning, 

construction and operation process considering all relevant decisions, co-benefits, involved players as well as 

relevant cost reduction potentials. A process map that connects the entire project lifecycle for design, plan-

ning, operation and end of life phase accompanies this report. This process map is a workflow that points 

out cost reduction potentials through all the stages of the process where all the different parts are linked to 

provide summaries and reports to the decision-makers in leadership roles.  

 

The main additional advantages of integrating the òCRAVEzero processó into standardized building pro-

cesses are listed as follows: 

¶ Reduce risks 

¶ Speed-up construction and delivery 

¶ Control costs and energy performance 

¶ Foster integrative design and make optimal use of team membersõ expertise 

¶ Establish measurable success criteria 

 

Furthermore, during the whole process, four critical issues have to be tracked for new nZEBs: 

¶ How efficiently can energy be consumed?  

¶ How much energy can be produced on-site?  

¶ Which environmental conditions can be controlled?  

¶ How can be defined thermal comfort and what co-benefits can be expected? 

 

As a main result this report also comes along with a downloadable òlife cycle tracker tooló, an easy-to-use 

Excel file with VBA macros that combines project roles, actions, and design responsibility matrix. It is based 

on the experience of the whole consortium in the area of holistic project management with a focus on integral 

building planning of nZEBs. It gives support on how key performance parameters to achieve successful 

nZEBs should be prioritized and can be tracked along the whole life-cycle-process. A short manual of the 

tool can be found in chapter 7. 

It can be downloaded here: http://www.cravezero.eu/lifecycletracker  

 

 

 

 

 

 

 

© Copyright by the Horizon 2020 Framework Programme of the European Union 

 

Published by AEE INTEC, Austria 

 

Disclaimer Notice: This document has been prepared for the European Commission however it reflects 

the views only of the authors, and the Commission cannot be held responsible for any use which may be 

made of the information contained therein. 

http://www.cravezero.eu/lifecycletracker


 

 I 5  
 

Contents  

1. Introduction .......................................................................................................................................................... 10 

1.1. Objective ...................................................................................................................................................... 10 

1.2. State of the art ............................................................................................................................................. 12 

1.3. Stakeholder related processes.................................................................................................................... 13 

1.4. Co-benefits ................................................................................................................................................... 15 

1.5. The process of nzebs ð Barriers and challenges .................................................................................... 16 

1.6. Framework for ensuring the process quality of the new nZEBs ........................................................ 20 

2. Political decision and urban planning process................................................................................................. 22 

2.1. Overall process ............................................................................................................................................ 22 

2.1.1. Regional planning .............................................................................................................................. 23 

2.1.2. Urban design....................................................................................................................................... 23 

2.1.3. Preparation and project brief ........................................................................................................... 24 

2.2. Pitfalls and bottlenecks............................................................................................................................... 24 

2.3. Actions .......................................................................................................................................................... 26 

2.4. Process evaluation results .......................................................................................................................... 33 

2.4.1. List of actions related to stakeholders and other actions ............................................................ 33 

2.4.2. List of actions related to costs ......................................................................................................... 34 

2.4.3. List of actions ð work breakdown structure.................................................................................. 36 

2.4.4. List of actions ð Relations between the actions............................................................................ 37 

3. Integrated building design process .................................................................................................................... 39 

3.1. Overall process ............................................................................................................................................ 39 

3.1.1. Concept design................................................................................................................................... 41 

3.1.2. Authorisation planning ..................................................................................................................... 43 

3.1.3. Technical design................................................................................................................................. 45 

3.2. Pitfalls and bottlenecks............................................................................................................................... 46 

3.3. Actions .......................................................................................................................................................... 49 

3.4. Process evaluation results .......................................................................................................................... 59 

3.4.1. List of actions related to stakeholders and other actions ............................................................ 59 

3.4.2. List of actions related to costs ......................................................................................................... 60 

3.4.3. List of actions ð work breakdown structure.................................................................................. 63 

3.4.4. List of actions ð Relations between the actions............................................................................ 64 

4. Construction process / nZEB ð lean construction management ................................................................ 66 

4.1. Overall process ............................................................................................................................................ 66 

4.2. Tender/Construction contracts ................................................................................................................ 68 

4.2.1. Construction phase............................................................................................................................ 68 



 

 I 6  
 

4.2.2. Commissioning/ handover .............................................................................................................. 70 

4.3. Pitfalls and bottlenecks............................................................................................................................... 73 

4.4. Actions .......................................................................................................................................................... 74 

4.5. Process evaluation results .......................................................................................................................... 79 

4.5.1. List of actions related to stakeholders and other actions ............................................................ 79 

4.5.2. List of actions related to costs ......................................................................................................... 80 

4.5.3. List of actions ð work breakdown structure.................................................................................. 81 

4.5.4. List of actions ð Relations between the actions............................................................................ 82 

5. Building operation process ................................................................................................................................. 84 

5.1. Overall process ............................................................................................................................................ 84 

5.1.1. Operation ............................................................................................................................................ 85 

5.1.2. Monitoring .......................................................................................................................................... 86 

5.1.3. Maintenance........................................................................................................................................ 87 

5.2. Renovating a building: definitions and levels ......................................................................................... 87 

5.3. Pitfalls and bottlenecks............................................................................................................................... 90 

5.4. Actions .......................................................................................................................................................... 92 

5.5. Process evaluation results .......................................................................................................................... 96 

5.5.1. List of actions related to stakeholders and other actions ............................................................ 96 

5.5.2. List of actions related to costs ......................................................................................................... 97 

5.5.3. List of actions ð work breakdown structure.................................................................................. 98 

5.5.4. List of actions ð Relations between the actions............................................................................ 98 

6. End of life ........................................................................................................................................................... 100 

6.1. Overall process .......................................................................................................................................... 100 

7. Conclusion .......................................................................................................................................................... 102 

7.1. Lean management protocol..................................................................................................................... 102 

Annex I: Detailed description of nzeb actions ....................................................................................................... 107 

Annex II: Terminology............................................................................................................................................... 181 

Annex III: References................................................................................................................................................. 183 

Annex IV: Acknowledgement ................................................................................................................................... 186 

 

 

  



 

 I 7  
 

LIST OF FIGURES  

 

Figure 1: CRAVEzero approach for cost reductions in the lifecycle of nZEBs....................................................3 

Figure 2: The influence on the process decreases while the costs increase during the life cycle of a nZEB . 11 

Figure 3: Steps to reach nZEB standard.................................................................................................................... 11 
Figure 4: Process steps to reach nZEB-standard along life cycle phases ............................................................. 12 

Figure 5: Stakeholdersõ time expectancy of a nZEB project .................................................................................. 14 

Figure 6: Stakeholdersõ influence in nZEB life cycle phases .................................................................................. 14 

Figure 7: Stakeholders related benefits and co-benefits of nZEBs ....................................................................... 15 

Figure 8: Co-benefits classification in nZEBs, based on Bleyl et al. [1]. .............................................................. 16 
Figure 9: Mentimeter survey answers of planners and researchers dealing with implementation challenges and 

showing specific median values................................................................................................................................... 17 

Figure 10: Mentimeter survey answers of planners and researchers dealing with nZEB marketability and 

showing specific median values................................................................................................................................... 18 

Figure 11: Mentimeter survey answers of planners and researchers with the share of added value points for 

nZEB............................................................................................................................................................................... 18 

Figure 12: Urban planning process............................................................................................................................. 22 

Figure 13: Urban planning process considering bottlenecks.................................................................................. 25 

Figure 14: Urban planning process with stakeholder-related actions (numbered as 101 to 119)..................... 26 
Figure 15: List of actions in urban planning òwork breakdown structureó (WBS) ............................................ 36 

Figure 16: Urban planning process with stakeholder-related actions ................................................................... 37 

Figure 17: Integrated nZEB planning process.......................................................................................................... 39 

Figure 18: Integrated planning process / planning phase....................................................................................... 41 

Figure 19: Integrated planning process with bottlenecks ....................................................................................... 47 
Figure 20: Integrated planning process with actions ............................................................................................... 50 

Figure 21: List of actions - planning........................................................................................................................... 63 

Figure 22: Correlation of actions in planning ........................................................................................................... 64 

Figure 23 ......................................................................................................................................................................... 66 

Figure 24: Construction process ................................................................................................................................. 67 
Figure 25: Commissioning procedure after takeover .............................................................................................. 72 

Figure 26: Construction process- bottlenecks .......................................................................................................... 73 

Figure 27: Construction process- actions .................................................................................................................. 74 

Figure 28: List of actions in construction.................................................................................................................. 81 

Figure 29: Correlation of actions in construction - own representation following the PLENAR planning tool

 .......................................................................................................................................................................................... 82 

Figure 30: Operation process ...................................................................................................................................... 85 

Figure 31: Operation process ð pitfalls...................................................................................................................... 90 

Figure 32: Operation process ð actions (part 01) ..................................................................................................... 92 
Figure 33: Operation process ...................................................................................................................................... 92 

Figure 34: List of actions in building operation ....................................................................................................... 98 

Figure 35: Correlation of actions in building operation .......................................................................................... 98 

Figure 36: End of life process ................................................................................................................................... 100 

Figure 37: Visualisation of the CRAVEzero-life-cycle-tracker tool .................................................................... 103 
Figure 38: Screenshots of the òCRAVEzero-life-cycle-trackeró tool in order to select and define project 

specific actions ............................................................................................................................................................. 104 

Figure 39: Action list generated within the òCRAVEzero-life-cycle-trackeró tool........................................... 104 



 

 I 8  
 

Figure 40: Automatically generated work-break-down-structure (WBS) of one result-sheet in the 

òCRAVEzero-life-cycle-trackeró tool ð different colours addressing different prioritised actions to be taken 

in a specific predefined process ................................................................................................................................ 105 
Figure 41: Correlation of actions as one result-sheet in the òCRAVEzero-life-cycle-trackeró tool ð different 

colours addressing different prioritised actions to be taken in a specific predefined process ........................ 106 

Figure 42: Overall list of actions in building operation - WBS ............................................................................ 107 

 

LIST OF TABLES  

 

Table 1: List of actions - urban planning................................................................................................................... 33 
Table 2: List of actions in relation to costs - urban planning................................................................................. 35 

Table 3: Types of construction permits in different countries (Pedro, Meijer, Visscher, 2010)....................... 44 

Table 4: Given information during the pre-consultation are binding / non-binding for the permission process 

(Pedro, Meijer, Visscher, 2010) ................................................................................................................................... 44 

Table 5: List of actions - planning .............................................................................................................................. 59 
Table 6: List of actions related to costs - planning .................................................................................................. 61 

Table 7: List of actions - construction ....................................................................................................................... 79 

Table 8: List of actions related to costs - construction ........................................................................................... 80 

Table 9: Average cost for different renovation level ............................................................................................... 88 
Table 10: List of actions - operation .......................................................................................................................... 96 

Table 11: List of actions in relation to costs - operation ........................................................................................ 97 

 

  



 

 I 9  
 

 

 

 

CHAPTER 1  

INTRODUCTION  

 

 

  



 

 I 10  
 

 

1. INTRODUCTION

In addition to legal and urban boundaries, buildings 

are essentially defined by the client. Owners or in-

vestors want to construct or renovate buildings for a 

specific purpose. Also, the buildings technical quality 

and the comfort standard have to be achieved within 

project specific budget limitations. Architects and 

specialised planners translate the client's ideas and 

wish into real plans and are responsible for the ap-

propriate execution of the building project. Con-

struction companies and craftsmen from numerous 

different disciplines are involved in constructing the 

building. There is a constant coordination process 

between the client, the planners and the contractors 

in order to prepare the construction of a building and 

if necessary, to react to changing conditions like 

costs, schedules, requests from the client, weather, 

etc. (Arnold 2005).  

 

 

 

Especially in the planning phase, the choice and 

combination of building materials and technologies 

and the execution on the construction site as well as 

the overall integral planning, construction and oper-

ation are of great importance. The range of services 

provided to buildings in the urban context today has 

also changed over time and gained new aspects. 

Nearly zero energy buildings increasingly become ac-

tive participants of our energy supply infrastructure 

and raise new challenges concerning the quality of 

planning, construction and operational phase of a 

building. This results in new approaches to innova-

tive energy concepts for both the building and dis-

tricts. Innovations related to the realisation of 

nZEBs arise in different life cycle phases of buildings 

and at different points of the value chain in the build-

ing industry. To reduce costs, accelerate processes 

and assure the quality of nZEBs the right decisions 

have to be taken at the ideal time within the overall 

process. 

 

 

 

1.1.  OBJECTIVE  

 

To optimise nZEB planning activities at different levels, from urban and spatial planning to the buildingõs 

detailed design. 

 

The focus on the developed method, the òCRAVEzero processó, is to promote a common, interdisciplinary 

understanding of the complexity of nZEB planning processes for all involved stakeholders. A well organised 

and transparent process is a key issue of achieving the goal of cost-optimal and sustainable nZEBs throughout 

the entire life cycle phase.  

The complexity of processes in the life cycle of nZEBs is one of the main reasons why nZEB developments 

fail in the planning, construction or later on in the operational phase. Already from the very beginning, pre-

requisites must be created in order to define the requirements, and clear project objectives must be defined. 

Too often, promising building concepts fail to achieve costs and energy goals because project participants are 

not sufficiently aware of the manifold interactions of holistic planning contexts.  
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Figure 2: The influence on the process decreases while the costs increase during the life cycle of a nZEB 

 

 

In order to minimise risks and possible bottle-

necks, obstacles must be identified at an early 

stage. It is necessary to establish a common 

planning understanding for nZEBs among all 

actors early on. The design of new nZEBs be-

gins with maximizing passive design, yet limiting 

energy consumption from the grid. To do this, 

planners often need to challenge the norms of 

traditional designs. 

 

Figure 3: Steps to reach nZEB standard 

Each building has its unique process, where archi-

tects often start from scratch, collect the information 

and constraints of the local context, develope the 

building, carry out cost-optimal performance anal-

yses, hopefully include an evaluation of the potential 

for using renewable energy. This means extra costs 

for the design process. Stakeholders repeat almost 

the same procedures without a coordinated and 

standardised process. As a starting point, an 

organized framework for a systematic approach for 

the life cycle process of low-cost nZEBs is needed. 

A clear connection between the building perfor-

mances and the related costs is essential for ensuring 

the clarity of the process. A strategic element in the 

whole process is the introduction of a performance-

based procurement approach as a common practice 

not only for public tendering but also for private 

construction.  
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Figure 4: Process steps to reach nZEB-standard along life cycle phases 

  

1.2.  STATE OF THE ART

(Ferrara et al., 2018) state that in fact buildings with 

high energy performance have become technically 

feasible, but are not yet cost-effective. This consti-

tutes the main barrier in their implementation. The 

principle of cost-optimality has been introduced to 

move national minimum energy performance re-

quirements towards the achievement of economi-

cally feasible nZEB targets, considering also operat-

ing, replacement and disposal costs.  

A framework for the cost-optimal design of nZEBs 

has been presented by (DõAgostino and Parker, 

2018). This framework study contains data regarding 

costs, energy prices and climate data. One important 

conclusion is that the most common optimized 

nZEB configuration foresees a combination of good 

insulation, building airtightness as well as class A++  

appliances, lighting, and home energy management 

systems along with PV. Depending on the climate, 

airtightness and insulation (colder climates) or effi-

ciency of appliances as well as lowering solar gains 

(warmer climates) has to be considered first. 

Recent Austrian studies have shown that construc-

tion costs of buildings near passive house standard 

increase compared to those of minimum nZEB re-

quirements in a range of 4 to 6%, but these highly 

efficient variants reduce the primary energy demand 

by 72% (Ploss, et al. 2017). (Berggren, Wall and 

Togerö 2018) tried to break traditional ways of cal-

culating nZEB profitability with LCC analysis trying 

to quantify the added value of a green building in 

monetary terms. Their assessment was based on a 

planning process also including socio-economic pa-

rameters influenced by the quality of the building. 

(DõAgostino and Parker, 2018) show how the opti-

mal measure set can be found. But how can the 

knowledge on optimal design be tied to the building 

process? Which actors should be involved, and what 

actions have to be taken in the process at which time 

step? Is the traditional development process of 

buildings suitable to realize market penetration of 

high-level nZEB buildings? 

In order to get answers to these questions, it is im-

portant as a first step to clarify with which construc-

tion procedure the project is to be handled.  

One prominent example of different construction 

procedures implying on the interface between phases 

lies in the decision on the project delivery system 

(Konchar and Sanvido, 1998). In Europe, the stand-

ard project delivery system is designed bid build. 

This means that there is a clear cut between the de-

sign phase and the build phase, which is marked by 

the procurement of the construction companies 

(òbiddingó). Important implications are that con-

struction companies do not take part in the planning 

phase and that the owner has to invest additional 

time for assigning construction contracts. An 

alternative approach is the design-build approach, 

which is increasingly used worldwide for 
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construction projects. 

(Torcellini et al., 2004) have studied the realization 

process of nZEB buildings1 looking at various case 

studies on nZEB construction processes. They in-

vestigated the project delivery system of high-perfor-

mance / low energy buildings and came to the con-

clusion that performance-based design-build was the 

best approach to realize a high quality at low cost 

(Deru and Torcellini, 2004; Crawford, 

Czerniakowski and Fuller, 2011; Pless, Torcellini and 

Shelton, 2011). In performance-based design-build, 

the planning and construction phase are strongly in-

terconnected since the owner engages a team of 

planners and constructors to plan and realize the 

whole building for a thoroughly defined function 

and at a fixed cost. The owner moreover monetarily 

awards the team for achieving an even higher stand-

ard throughout the process. The important point is 

that performance-based design-build can be used to 

integrate planning and construction phase for 

achieving the specific goal of a high-performance 

nZEB by assigning this as well-defined target to the 

planning and construction team. 

(Konchar and Sanvido, 1998) conclude that design-

build show major advantages in terms of costs and 

performance compared to other project delivery sys-

tems. 

What does this mean for the goal of promoting 

nZEBs? It means that it is not only important to con-

sider single actions of single users in determined 

building phases. (Pless, Torcellini and Shelton, 2011) 

agree that design-build allows for higher 

achievements of energy-efficient buildings and 

nZEBs. They argue that it is the integration of 

planning and construction that allows reaching more 

ambitioned targets. This means in fact that the actors 

of planning and construction need to work in an 

exchanging way.  

A detailed case study on the design-build process is 

included in the report on the building of the NREL 

facility in the US (U.S. Department of Energy, 2012). 

Just like integrating planning and construction can 

enhance the possible outcome, the same can be 

expected from intertwining urban planning and 

planning, also including actors of the operation 

phase into the planning phases, as it was also found 

in the òRenew Schooló project (Kondratenko, Van 

Loon, Poppe, 2014). 

Energy matters can be considered in the land use 

plan on a large scale level or in detail: In many 

European countries efforts are growing to consider 

energy matters already in an early planning phase 

(Zhivov et al., 2014). 

1.3.  STAKEHOLDER RELATED PROCESSES  

 

In order to be able to optimise existing processes, technical qualifications, actions to be taken and roles must 

be known and tasks and functions of the stakeholders assigned.  

The assessment of the process for nZEBs depends strongly on the perspective. Building owners, investors, 

tenants, the construction industry, providers of energy efficiency solutions and planners have different inter-

ests and are involved in different phases in the life cycle of buildings. There is a general lack of understanding, 

transparency and uniform methods when it comes to the overall process of nZEBs.  Which costs and time 

horizons are significant for different actors and to what extent?  

 

In the life cycle of a building, there are different in-

terests of the actors and derived from this also dif-

ferent perspectives, observation periods and target 

values. There is the tenant/user, the real estate agent, 

the building contractor, planner, property manager, 

investor, owner and also the company which is di-

rectly or indirectly involved in the building process. 

As shown in Figure 5, these actors are involved in 

                                              
 

the overall process over a certain period of time. 

While the tenant is primarily interested in the opera-

tional phase, the planner is usually more likely to deal 

with the building only until its completion. If a prop-

erty is financed and used by the resident himself, the 

entire life cycle up to a change of use is usually of 

interest. Depending on the approach, this can be be-

tween 25 years, after repayment of the bank loan, and 
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up to 50 years, after increased consideration of the 

use. For society as a whole, the entire service life of 

a building, including its demolition and disposal, usu-

ally counts.  

The period under consideration must, therefore, be 

determined in advance with the parties involved. For 

most of the considerations of the entire building, be-

tween 25 and 50 years have proven to be reasonable.

 

Figure 5: Stakeholdersõ time expectancy of a nZEB project 

 

 

 

Figure 6: Stakeholdersõ influence in nZEB life cycle phases 
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1.4.  CO-BENEFITS  

Similar to the stakeholder related-processes, the different target criteria and co-benefits also vary depending 

on the perspective of the stakeholder. Figure 7 shows the criteria and co-benefits according to the interests 

of the different actors. In addition to low rental costs, the tenant is also interested in low operating costs and 

thus in a good energy standard, e.g. so that he or she has low heating costs. The building contractor is usually 

anxious to keep his or her building costs low. In the case of owner-occupied real estate, both cost components 

are important, the initial investment as well as the running costs. For public owners and users the total life 

cycle costs and also the effects such as CO2 emissions are important. 

 

Figure 7: Stakeholders related benefits and co-benefits of nZEBs 

In addition to the optimisation criteria and thus the 

benefits that can be directly assessed in monetary 

terms, there are also different co-benefits for the in-

dividual actors, which often cannot be assessed di-

rectly in monetary terms and therefore do not appear 

in the life cycle cost analysis. These benefits and co-

benefits are shown in Figure 18. These concern mar-

ketability, rentability, value development, comfort, 

but also image, climate protection or regional goals 

such as energy autonomy. Where possible, these 

benefits and additional benefits should be taken into 

account in the decision-making process. These addi-

tional criteria can often overlap the main criteria. An 

example of this is the use of an air heat pump in a 

very noise-sensitive environment. The air heat pump 

can perform relatively well in terms of energy and 

costs, also in terms of life-cycle costs, but can lead to 

problems due to increased noise pollution at the 

property and the neighbouring properties. It is im-

portant to quantify added value of nZEBs in 

monetary terms, communicating and presenting 

business opportunities in a business language that 

potential investors are familiar with, as technical per-

formance is less likely to attract their interest (Bleyl, 

2016). Co-benefits such as increased productivity, 

improved health, publicity value, etc. need to be 

quantified. The calculation may not be complex; the 

challenge is to gather well-proven input data for the 

calculations.  

However, examples exist where increased productiv-

ity, higher revenue, reduced employee turnover, re-

duced absenteeism, etc. have been quantified (Brew, 

2017). Additionally, studies do exist which may be 

used as a basis for analysing added values. 

Studies show that staffs in green buildings perceive a 

positive effect of their work environment and 

productivity (Thatcher, 2014) (Brew, 2017) (Singh, 

2010). In one case, a 10 000 m2 office building, 

increased productivity of 0.3 % was reported, equal 

to 8 û/m2a. 
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Two studies have found reduced absenteeism in 

green buildings (Thatcher, 2014).  

An American study showed that roughly 20-25 % of 

534 companies reported higher employee morale, 

easier to recruit employees and more effective client 

meetings (Miller, 2009). Additionally, 19 % reported 

lower employee turnover.  

In addition to well-being and productivity, higher 

revenues from rent or sales may be expected. Bleyl 

et al. reviewed previous studies and concluded that 

higher rent income might range roughly between 5 

% and 20 %. Furthermore, higher market valuations 

may range from below 10 % to up to 30 %. 

It should be noted, in relation to green buildings, 

productivity and wellbeing, that a recent study 

pointed out, that social factors may have a greater 

impact, in monetary terms, than environmental fac-

tors (Hugh, 2016). 

The value of a positive news article about a specific 

building or a specific project could also be compara-

ble to advertising costs in the specific source, in 

which the article is published (Berggren, 2017). 

One way to discuss the importance and investigation 

on different co-benefits may be to rank them as pre-

sented in Figure 8. The classification is a subjective 

judgement, highlighting the relevance and the diffi-

culty in valuing the co-benefits discussed above.

Figure 8: Co-benefits classification in nZEBs, based on Bleyl et al. [1]. 

 

1.5.  THE PROCESS OF NZEBS  ð BARRIERS AND CHAL-

LENGES  

In the course of the ISEC Conference 2018 in Graz, Austria, a survey was conducted during a workshop, 

which focused on planners, researchers and contractors. 

The online survey tool Mentimeter was used for this purpose. The results can be immediately evaluated and 

shared with the respondents in real time. In this way, the results could be discussed in the subsequent panel 

discussion of the workshop. Based on the experiences in the various professions, the survey asked what 

challenges are seen in the implementation of nearly zero-energy buildings, what is needed to make highly 

efficient buildings more marketable and what added value is seen in such buildings. 
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A total of 102 people took part in the survey, divided into three occupational groups as follows: 

¶ Planners: 40 

¶ Researchers: 57 

¶ Construction companies: 5 

 

1.  What are the  main challenges (barrieres) to realise a nZEB s ? 

 

From the survey results of the first question, which can be seen in Figures 5 and 6, it can be seen that the 

challenges are similarly on average by all groups of actors surveyed. However, there is no consensus among 

the groups of actors surveyed. 

 

 

Figure 9: Mentimeter survey answers of planners and researchers dealing w ith implementation challenges and show ing specific median values 

On closer examination and analysis of the results in Figure 9, it becomes clear that lack of communication 

and documentation is a big barrier for all stakeholders. Most of the participants see the lack of knowledge 

about technologies and their costs as a barrier, whereas the generally higher costs are not seen on average. 

This is particularly noticeable among the groups of planners as well as among the construction companies.  

2.  What is needed for a market uptake of n ZEBs?  

 

The second question dealt with the market uptake of nearly zero energy buildings and what is needed to 

increase it. As one can see in figure 10 the potential for increasing the market uptake is seen in all four possible 

answers but in slightly varying degrees.  

The distribution of the responses makes it clear that there should be more collaboration of the planning teams 

and stricter legally binding building requirements. What is noticeable is that in general the opinions within the 

expert groups differ only slighlty. 
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Figure 10: Mentimeter survey answers of planners and researchers dealing w ith nZEB marketability and show ing specific median values 

 

3.  What is the added value of building nZEBs ? 

 

In order to be able to specify the added value of nZEBs, the four topics most relevant to the interviewed 

stakeholders with regard to added value should be filtered out at this point of the survey. Figure 11clearly 

shows that the focus is particularly on resource savings and climate protection. This added value is the clear 

leader for both researchers (23%) and planners /  practitioners (22%). But lower operational costs (17%) and 

less energy dependency (16% / 18%) are also important factors for the added value of nZEBs. 

 

Figure 11: Mentimeter survey answers of planners and researchers w ith the share of added value points for nZEB 

The greatest disagreements between the individual groups of actors arise in decentralized energy generation 

(vs centralized). Although 12% of researchers say that this is an important added value, only 5% of planners 

and contractors agree. In addition to these survey results, there are other challenges associated with the im-

plementation of nearly zero energy buildings. For example, the individual interfaces and responsibilities be-

tween the actors and the integration of different technologies at best possible time are often unclear. In addi-

tion, communication between those responsible must be improved, as implementation is often made more 

difficult because it is unclear who needs which information and when. 

 

Resource saving / climate protection 

 
 

Indoor air quality 

 

Image / role-model 

Lower operational costs 

 

User satisfaction and comfort 

 

Less energy dependency 

Life-cycle / future value of the property 

Decentralized energy generation (vs. Centralized) 
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1.6.  FRAMEWORK FOR ENSURI NG THE PROCESS QUALI TY 

OF THE NEW NZEBS  

 

 

 

Achieving the nZEB goal with reduced costs requires additional strategies as well as refinements of an existing 

design, construction, operation, and maintenance practice. 

The following chapters present a framework for ensuring the process quality of the new nZEBs. It outlines 

the key actions needed to ensure the achievement of energy and cost related goals using replicable planning, 

design, construction, and operation process. The development of a clear and comprehensive life cycle process 

that includes specific and measurable actions (both cost savings and energy) is critical to ensure that goals are 

met cost-effectively.  

 

The following chapters each describe a phase of the overall life cycle process from urban planning, 

planning, construction and operation until the end of life of a nZEB. All chapters are structured as 

follows: 

 

o Existing process: A process map describing the overall process and steps to be taken for all related 

stakeholders for all phases of a projectõs lifecycle 

o Pitfalls and bottlenecks: Pitfalls and bottlenecks are listed that can endanger deadlines, budgets and 

quality of the nZEB project 

o Actions: Various actions that can be allocated in the specific phase to promote nZEBs are presented 

o Process evaluation results: Actions are assigned to the main drivers and other stakeholders in order 

to clarify the question of responsibility. In addition, the various dependencies of the actions and 

possible cost saving potentials are listed. 
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2.  POLITICAL DECISION A ND URBAN PLANNING 

PROCESS  

2.1.  OVERALL PROCESS  

 

 

Figure 12: Urban planning process 
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The political decision and urban planning process prepare for the whole building process from planning to 

construction and use. It is an on-going process that influences building use also at later times or leads to a 

change in the energy system of buildings. It is in this phase that the public/common interest for low emission 

and low cost for public services is considered.  

 

Decisions may be made on: 

¶ infrastructure design  

o street location, design, use 

o sewer system 

o public transport 

o energy supply 

o educational buildings 

¶ land-use plan 

o commercial zones 

o industrial zones 

o residential zones 

o green areas, recreational zones 

¶ building type (detached, multi-familyé) 

¶ energy consumption level 

¶ building orientation 

¶ aesthetic aspects like façade colour and roof 

shape 

Political decisions and urban planning are usually 

done proceeding from a large scale (e.g. regional 

planning) to a local scale.  

The main tasks on each decision and planning level 

are: 

¶ investigation and analysis of the existing situa-

tion 

¶ definition of a strategy 

¶ consideration of demand 

¶ definition of targets for spatial order 

¶ documentation and implementation of strategy 

and targets 

These documents may come in the form of plan ma-

terial, regulations, laws, treaties with third parties, e.g. 

energy suppliers, landowners etc. The documents 

may be legally binding or hold recommendations for 

further planning on a more detailed level.  

 

2.1.1.  REGIONAL PLANNING  

 

Several actions can be taken on a regional planning 

level to promote nZEBs. These include the defini-

tion of the political and legal framework, as well as 

offering funding schemes and awareness raising. 

Also, the definition of targets is an important action 

on the regional level, since regions can often be 

linked to specific climates which again have an im-

pact on the building design. Actions can have the in-

tention to encourage, enable or enforce. 

 

Enable: 

o Definition of political and legal framework for 

nZEBs (provides Authority) 

o Assessment of energy efficiency and renewable 

energy potentials 

 

Encourage: 

o Funding schemes for nZEBs (provides Instru-

ments) 

o Development and implementation of strategies 

for awareness raising (provides Information) 

 

Enforce: 

o Set long term regional targets for spatial plan-

ning (provides Targets) 

o Regional efficiency improvement targets sup-

porting nZEBs (provides Targets) 

 

2.1.2.  URBAN DESIGN  

 

Urban design goes into further details. To what ex-

tent urban design can be enforced is usually defined 

in regional plans. The focus here is to consider envi-

ronmental conditions like sunshine, microclimate 

and wind lanes, and infrastructural conditions on a 

neighbourhood level. Infrastructural conditions on 

neighbourhood or district level include thermal and 

electrical microgrids, seasonal storage as well as re-

newable energy use and building envelope attributes 

and targets. Again, actions are grouped by their 
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intent. For most of the actions in urban design, it is 

not yet fixed, whether their target is to 

o Encourage by providing information on cost-

optimal or energy-optimal solution. 

o Enforce by providing information and authority 

on the optimal solution, e.g. regarding building 

orientation or renewable energy use, e.g. in a le-

gally binding land use plan. 

o Enable by providing information on optimal so-

lutions as well as subsidies to those willing to im-

plement them.  

The decision on whether to enable, encourage or en-

force normally lies in the competence of the munic-

ipal level.  

One important action is the òDefinition of Integra-

tive Design Teamó.  

 

 

 

 

 

 

Other actions are: 

Enable 

o Urban masterplanning allowing highly compact 

buildings (provides Authority) 

Enforce 

o Definition of basic envelope attributes and en-

ergy targets (provides Authority) 

Enable/Encourage/Enforce:  

o Preparation of budget for renewables and esti-

mate return on investment/ LCC (provide In-

struments) 

o Optimize building orientation and zoning (pro-

vides Information/Authority) 

o Optimize solar aAccess in urban layout (pro-

vides Information/Authority) 

o Work with urban microclimate (Information or 

Information/Authority) 

o Consideration of thermal / electrical microgrids 

on district level (provides Information/Author-

ity) 

o Consideration of seasonal storage on district 

level (provides Information/Authority) 

 

2.1.3.  PREPARATION AND PROJECT BRIEF  

 

In this part of the political decision and urban plan-

ning phase, user needs are integrated into the land 

development plan to create a land use plan, which 

becomes legally binding after the political decision 

process.  

Enable: 

o A connection request for PV / drilling permit 

for geothermal: Define and constitute an effi-

cient process to ease the process of approval 

(provide Instruments) 

Enforce:  

Apply strategy towards efficient use of land: Enforce 

efficient land use in the land use plan and corre-

sponding locally bound subsidies and infrastructure 

development (provide Targets) 

Enable/Encourage:  

o Assessment of the potential for decentral-

ized renewable power generation: Provide 

information and encourage the develop-

ment of decentralized power generation  

o Requirements analysis (Provide Infor-

mation and Instruments) 

 

 

 

2.2.  PITFALLS AND BOTTLEN ECKS  

It's important to be aware of the common pitfalls that can compromise project success in the urban planning 

phase. Below, six pitfalls and bottlenecks are listed that can endanger deadlines, budgets and quality of the 

nZEB project during the urban planning phase. 
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Figure 13: Urban planning process considering bottlenecks 

B.101: Demand p lanning in the urban  

planning phase  

 B.102: Investigation of potentials for 

renewable energies at the site  

The building authorities, together with the planners, 

must design the framework conditions for a new dis-

trict, considering the technical and legal regulations. 

This part of the city must take both energy and social 

aspects into account to be fit for the future. 

 When developing new urban districts, the integration of 

renewable energies must be taken into account at an 

early stage. In addition, supply systems with waste 

heat/cooling from neighbouring districts should be an-

alysed. As a result of this early analysis of the existing 

qualities, the building structure can be adapted for opti-

mal exploitation of the potentials. 

B.103: Political support / incentives   B.104: H igh demand for housing  

Funding schemes within the framework of urban devel-

opment planning can be used to integrate analyses for 

near-zero energy districts into the process. The concep-

tual basis for the development of a nearly-zero energy 

district is influenced by the boundary conditions deter-

mined in this phase. 

 Due to the high demand for residential buildings in 

some European regions, energy aspects are often not 

taken into account. It is important, also there, to start 

new development areas with sustainable and innovative 

concepts. 

B.105: Development goals do not correspond to nZEB standard  

The current rules for the development of new urban areas often do not comply with the general requirements for the construction 

of nZEBs.  
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2.3.  ACTIONS  

In the following, the different steps of the political 

decision and urban planning phase will be described 

more detailed, introducing actions that can be allo-

cated in this phase to promote nZEBs. 

The political decision and urban planning phase is 

layered into different levels. It is of uttermost im-

portance that the interdependencies between these 

levels work well: That means that there have to be 

well-defined and checked mechanisms for 

information exchange between the levels. For exam-

ple, it makes no sense to offer subsidies for certain 

energy supply systems on regional level if on a local 

level, other systems are preferred. Moreover, in some 

cases, it can be useful to integrate actions on differ-

ent levels. A joint planning team of regional, urban 

and energy planners could, e.g. better integrate inter-

ests both of urban population and extra-urban envi-

ronment. 

 

 

Figure 14: Urban planning process w ith stakeholder-related actions (numbered as 101 to 119) 
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1.1  Definition of the political  and legal framework for nZEBs  
 

 

 

Lack of a political and legal nZEB framework might lead to 

higher follow-up costs: This is the case, if economically feasible 

and energetically reasonable solutions are inhibited due to legal 

limitations. Increased investments in energy-related nZEB tech-

nologies and services derive most likely from legal framework 

stimulating socio-economic development. 

MAIN DRIVER  
STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

Authorities 
Citizen groups/NGOs;  
Society; Politicians - û 2  - ûû 

 

Energy sav-
ings and CO2-

reduction 

1.2 Funding s chemes for nZEBs  
 

 

Funding schemes usually aim at investment costs, e.g. by con-

ceding a defined amount of money in the construction phase. 

They might however also influence follow up costs, by reducing 

taxes, annuities or interests on pay-back rates. And there are 

some examples of subsidies directly supporting a monitoring-

based operation of the nZEB technologies implemented. 

MAIN DRIVER  
STAKE - 
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COSTS  

INFLUENCE ON  
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Energy sav-
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1.3 
Development and i mplementation of strategies for aware-

ness raising  
 

 

If awareness-raising is accompanied by dissemination of imple-

mentable measures, costs for planning and decision making are 

reduced. Follow up costs can be strongly reduced due to ad-

vanced user behaviour, which depends on well-edited infor-

mation about nZEB and ends usersõ awareness.  

MAIN DRIVER  
STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -
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CO- 

BENEFITS  
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Tenants/Users; Authorities; 

(Economic) Chambers;  Citi-
zen groups/NGOs 

- û  - ûû 
User ac-

ceptance 

                                              
2 [-û,-ûû,-ûûû,+û,+ûû,+ûûû] The cost savings or higher costs depending on the action are shown in the table below. Therefore 

-û means that less costs are required than in a conventional planning procedure. On the other hand, +û means that the costs 

increase. The number of û also indicates whether the change is big or small com-pared to the already known costs. The cost 

estimation for the different actions and the different cost-causing project steps were made in the course of the research project 

with the help of the project partners. 
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1.4 Regional efficiency improvement targets supporting nZEB  
 

 

When regional governments define binding overall nZEB tar-

gets and priorities the planning process is more focused and 

straight. If additional funding for the construction phase is of-

fered, investment costs can be saved. Highly efficient low energy 

buildings that are well embedded into their surrounding energy 

system moreover save follow up costs. 
 

MAIN DRIVER  
STAKE - 

HOLDERS  
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ON PLANNING 

COSTS  
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COSTS  

INFLUENCE 
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CO- 

BENEFITS  

Politicians 

Authorities; Planners;  Mu-

nicipalities; Citizen 

groups/NGOs; Society 
- û - û - ûû 

 

CO2-reduc-
tion and value 

development 
 

 

1.5 Set long term regional targets for spatial planning  
 

 

The spatial distribution of buildings has an impact on their en-

ergy consumption and life-cycle costs ( Moghadama et al., 2015). 

This is mainly due to mobility and infrastructure needs. When 

aiming at a nZEB, infrastructure and mobility cannot be ne-

glected. The use of existing infrastructure in higher density leads 

to lower investment costs for infrastructure, both for the build-

ing owner as well as the municipality.  
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Politicians 
 

  

Authorities; Planners;  Mu-
nicipalities; Citizen 

groups/NGOs; Society 
- û - û - ûû 

Energy and 
resource sav-

ings 

1.6 
As sessment of the energy efficiency and renewable energy 

potentials  
 

 

The relevant regulation framework and surrounding grid condi-

tion of a specific area have a great influence on the assessment 

of energy efficiency and renewable energy potential. If defined 

clearly and use of renewables from the grid is possible, then no 

additional costs arise during planning and construction. Even 

more, the operation will save costs by lower energy demand and 

by exploiting the low marginal costs of existing renewable en-

ergy grids.  
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1.7 Ur ban m aster  planning  allowing highly compact buildings  
 

 

In order to reduce costs in compact buildings, an urban master-

plan is required. In addition to optimized energy consumption, 

compact buildings usually have reduced planning, investment 

and construction costs: Reasons are reduced material consump-

tion, more similar units as well as fewer access areas. 

MAIN DRIVER  
STAKE - 

HOLDERS  
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COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

Municipalities 

Owners; Authorities; Citi-

zen groups/NGOs; Politi-
cians; consultants 

 - û - ûû 
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1.8 Optimize b uilding orientation and z oning  
 

 

Building orientation is often fixed by the legally binding land use 

or urban plan. But within this boundary, window orientation or 

functional zoning can lower the potential energy demand by de-

tailed planning. Due to this energy saving, follow up costs will 

be reduced. 
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lighting in 
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1.9 Opt imize solar a ccess in urban lay out  

 

When solar access is actively given to a quarterõs layout by spatial 

planning and included in the land use plan, an energetic and eco-

nomic optimum can be found for neighbouring buildings/prop-

erties. That means low follow-up costs by energy saving using 

passive solar gains. 
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1.10  Work with urban m icroclimate  

 

 

Costs arise mostly due to non-standard planning. Green facades were 

traditionally used to save construction costs: they replaced the final 

plaster finish (Köhler, 2008). A green façade or roof can also reduce 

follow up costs: Green facades and roofs clean the air (Bianchini and 

Hewage, 2012) and thus mean a lower necessity for ventilation and 

filtering systems, moreover less maintenance for the wall is needed.  
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Municipalities; Authorities; 
Planers; Citizen group/ 

NGOs; Society 

 + û - û 

User satisfac-

tion, microcli-
mate, air qual-

ity, passive 

cooling 

1.11  
Consideration of thermal / e lectrical microgrids on the 

d istrict  level  

 

 

A micro-grid is a stable and often renewable-based source for 

heat/power that has to be considered when supplying energy to nZEB. 

It reduces investment costs since generation and storage are large-scale 

and thus more cost-efficient. Moreover, maintenance and replacement 

again keep costs low due to the economy of scale. 
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1.12  Consideration of seasonal s torage on d istrict level  

 

Several studies by (Braun, Klein and Mitchell, 1981; Lindenberger et 

al., 2000; Nordell and Hellström, 2000; Schmidt, Mangold and Müller-

Steinhagen, 2004) show the potential of seasonal storage systems re-

garding renewable energy and costs. Seasonal storage should be con-

sidered if low supply temperatures are needed, and renewable energy 

sources are available. For economic feasibility, it can be meaningful to 

include a back-up or peak supply system with low system costs. 
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1.13  Definition of basic envelope attributes and energy t argets  

 

Energy-related basic envelope attributes and targets can be defined on 

a regional or district level, e.g. in the building code. Therefore also 

building energy certification systems are used. Sometimes this lowers 

planning costs since the possible solution frame is limited, but some-

times it increases them, since some planners are not familiar with im-

plementation. Mostly construction costs increase because of extended 

effort with on-site implementation, but energy demand goes down. 
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1.14  Definition of the integrative  design t eam  

 

In terms of costs, an integrated urban design process increases 

planning costs since the interaction between different players requires 

more involvement. Follow up costs are expected to be lower, both for 

end users and the public (cf. Lippaiová and Reith, 2014, Bragança, 

Vieira and Andrade, 2013).  
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1.15  
Preparation of budget for renewables and estimate return 

on investment / LCC  

 

In order to find a cost-optimal nZEB solution, investment and life-

cycle costs, as well as feed-in tariffs for renewables, have to be known 

(Hamdy, Sirén and Attia, 2017). To allow for fast and reliable LCC 

calculation, it is essential that information on costs, prices and tariffs 

is made available. One difficulty is that future energy prices are fixed 

on ð uncontrollable - international markets, but the policy could coun-

teract here in future. 
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1.16  A c onnection  request for PV / drilling permi t for geothermal  

 

Due to the traditional structure and organization of electricity grids, 

access for feed-in is still limited. In order to avoid unnecessary troubles 

and costs later on, it is essential to ask for a grid connection request. 

The same is true for geothermal energy by deep drilling ð permission 

and technical expertise is necessary to keep operating costs low.  
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1.17  Requirements analysis  

 

Each planning process has to be preceded by an analysis of 

requirements. The resulting chart of requirements can concern 

functional issues, but also limits on costs and energy consumption as 

well as technological systems to be used. Requirements can be 

obligatory by law and lead to lower costs in all stages of the process. 
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1.18  Apply s trategy towards efficient use of land  

 

Successful measures towards efficient use of land and densification 

lead to lower follow-up costs. Investmentment costs might increase, 

e.g. for the realization of Green roofs (Porsche and Köhler, 2013) or 

ambitious planning for geometry and foundation, but also decrease 

since investments in public infrastructure are lower if smaller areas 

need to be accessed. 

MAIN DRIVER  
STAKE - 

HOLDERS  

INFLUENCE 

ON P LANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

Municipalities 

Landlords; Authorities; 

Planners; Society; Politi-
cians 

 - û - û 
Resource sav-

ings 
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1.19  
Assessment of the p otential for decentralized renewable 

power generation  

 

In many European regions, GIS-based analyses are available to assess 

the potential of renewable energy use on-site. Different types of assis-

tance are offered for the promotion of decentralized renewable energy. 

Very often, decentralized renewable power generation is subsidized by 

fixed feed-in tariffs, and additionally lowers the running energy costs. 

MAIN DRIVER  
STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNIN G 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

Planners 

Owners; Construction 

company; Authorities; Util-

ities 

  - û 
CO2-reduc-

tion 

 

2.4.  PROCESS EVALUATION R ESULTS  

2.4.1.  LIST OF ACTIONS RELATED TO S TAKEHOLDERS AND OTHE R AC-

TIONS  

In the following table, the various actions were assigned to the main drivers and other stakeholders in order 

to clarify the question of responsibility. In addition, the various dependencies of the actions are listed in the 

right-hand column of the table to show which actions and stakeholders need to be communicated subse-

quently. 

 
Table 1: List of actions - urban planning 
 

  
ACTIO NS  

  

MAIN 

DRIVER    

STAKE - 

HOLDERS    

INFLUENCES ON  

OTHER ACTIONS   

    
  

  
  

  
  

  

1.1 Definition Political and legal 

framework  for nZEB s 
  

Authorities 

  

Citizen groups/NGOs; 

Society; Politicians 
  

1.2, 1.7, 1.13, 1.16, 2.25 

1.2 
Funding Schemes for nZEB  

Buildings  

  

(Economic) 
Chambers 

  

Authorities; Politicians 

  

1.1, 1.11, 1.15, 2.12, 2.13, 2.17, 2.25, 4.8 

1.3 

Development and Implemen-

tation of strategies for aware-

ness raising  

  

Politicians 

  

Tenants/Users; Au-
thorities; (Economic) 
Chambers; Citizen 

groups/NGOs 
  

1.4, 1.5, 1.10, 1.18, 2.5, 2.27, 3.7, 4.3, 4.6 

1.4 Regional efficiency improve-

ment targets supporting nZEB  
  

Politicians 

  

Authorities; Planners; 
Municipalities; Citizen 
groups/NGOs; Society 

  

1.10, 1.12, 1.18, 2.9, 3.10 

1.5 
Set long term regio nal targets 

for spatial planning  

  

Politicians 

  

Authorities; Planners; 

Municipalities; Citizen 
groups/NGOs; Society 

  

1.1, 1.9, 1.10, 1.12, 1.19, 1.21, 2.5, 2.21 

1.6 

Assessment of energy  effi-

ciency and renewable energy 

potentials  
  

(Economic) 
Chambers 

  

Landlords; Planners; 
Municipalities; Society 

  

1.11, 1.17, 2.6, 2.9, 2.17 

1.7 
Urban Masterplanning Allow-

ing highly compact buildings  

  

Planners 

  

Owners; Authorities; 
Municipalities; Citizen 
groups/NGOs; Politi-

cians 
  

1.12, 2.5, 2.6, 2.27 

1.8 
Optimize Bu ilding Orientation 

and Zoning  

  

Planners 

  

Real estate fund; Au-
thorities; Municipalities; 
Citizen groups/NGOs; 

Politicians 
  

1,7 
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ACTIONS  
 

  

MAIN 

DRIVER  
 

  

STAKE - 

HOLDERS  
 

  

INFLUENCES ON  

OTHER ACTIONS  

  

1.9 
Optimize Solar Access in Ur-

ban Layout  
  

Planners 

  

Landlords; Authorities; 
Municipalities; Politi-

cians   

1.7, 1.8, 1.18, 1.19, 2.6, 2.27 

1.1 Work with Urban Microclimate  

  

Municipalities 

  

Tenants/Users; Own-
ers; Authorities; Plan-
ners; Citizen 
groups/NGOs; Society   

1.5, 1.18, 3.10 

1.11 

Considerat ion of Thermal / 

Electrical Microgrids on Dis-

trict Level  
  

Utilities 

  

Landlords; Authorities; 
Planners; Municipali-
ties; (Economic) Cham-
bers; Politicians   

1.1, 1.6, 1.15, 1.17, 1.19, 2.12, 2.13, 2.27, 
3.7, 3.10 

1.12 Consideration of Seasonal 

Storage on D istrict Level  

  

Utilities 

  

Authorities; Planners; 

Municipalities; Inves-
tors; (Economic) 
Chambers; Citizen 
groups/NGOs   

1.1, 1.6, 1.11, 1.17, 2.9, 2.17, 2.27, 3.10 

1.13 
Definition of Basic envelope 

attributes and Energy Targets  

  

Planners 
  

Owners; Authorities; 
(Economic) Chambers; 
Citizen groups/NGOs   

1.6, 1.19, 2.2, 2.9, 2.20, 3.10 

1.14 
Definition of Integrative De-

sign Team  

  

Owners 

  

Owners; Real estate 
fund; Authorities; Plan-

ners; Municipalities; 
(Economic) Chambers; 
Utilities   

1.2, 1.3, 1.4, 1.18, 2.6, 2.21, 2.25 

1.15 

Preparation of budget for re-

newables and estimate return 

on investment/ LCC  
  

Planners 

  

Authorities; Municipali-

ties; Investors; (Eco-
nomic) Chambers; Poli-
ticians; Utilities   

1.2, 2.25 

1.16 
Connection  request for PV / 

drilling permi t for g eothermal  

  

Owners 

  

Landlords; Authorities; 
Planners; Municipali-

ties; Utilities   

1.1, 1.4, 1.17, 2.6, 2.21, 2.25, 2.27 

1.17 Requirements Analysis  

  

Planners 

  

Tenants/Users; Own-
ers; Real estate fund; 
Authorities; Municipali-

ties; Investors; (Eco-
nomic) Chambers; é   

1.4, 1.5, 1.15, 2.4, 2.17, 2.21, 2.25, 3.2 

1.18 
Apply Strategy towards effi-

cient use of land  
  

Municipalities 
  

Landlords; Authorities; 
Planners; Society; Poli-
ticians   

1.5, 1.7, 1.10 

1.19 
Assesment  of the Potential for 

Decentralized r enewable 

power generation  
  

Planners 

  

Owners; Construction 
company; Authorities; 
Utilities   

1.1, 1.6, 1.11, 3.7 

 

 

 

 

2.4.2.  LIST OF ACTIONS RELA TED TO COSTS  

The cost savings or higher costs depending on the action are shown in the table below. Therefore -ú means 

that less costs are required than in a conventional planning procedure. On the other hand, +ú means that the 

costs increase. The number of ú also indicates whether the change is big or small compared to the already 

known costs. The cost estimation for the different actions and the different cost-causing project steps were 

made in the course of the research project with the help of the project partners. 
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Table 2: List of actions in relation to costs - urban planning 

  

ACTIONS  

  

I
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F
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U
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N
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F
O

L
L
O

W
-
U

P
 
C

O
S

T
S

 

  

1.1 Definition Political and legal frame work  for 

nZEB s   
-  ú 

  
X  

  
-  úú 

  

1.2 Fu nding Schemes for nZEB  

  
X 

  
-  ú 

  
-  ú 

  

1.3 
Development and Implementation of strategies 

for awareness raising    
-  ú 

  
X  

  
-  úú 

  

1.4 
Regional efficiency improvement targets sup-

porting nZEB    
-  ú 

  
-  ú 

  
-  úú 

  

1.5 
Set long term r egional targets for spatial plan-

ning    
-  ú 

  
-  ú 

  
-  úú 

  

1.6 Assessment of the energy  efficiency and re-

newable energy potentials    
X 

  
X  

  
-  ú 

  

1.7 
Urban Masterplanning Allowing highly com-

pact buildings    
X 

  
-  ú 

  
-  úú 

  

1.8 Optimize Building Orienta tion and Zoning  

  
+ ú 

  
X  

  
-  ú 

  

1.9 
Optimize Solar Access in Urban Layout  

  
+ ú 

  
X  

  
-  ú 

  

1,10 Work with Urban Microclimate  

  
X 

  
+ ú 

  
-  ú 

  

1.11 
Consideration of Thermal / Electrical Mi-

crogrids on District Level    
+ ú 

  
-  ú 

  
X  

  

1.12 
Considerati on of Seasonal Storage on District 

Level    
X 

  
+ ú 

  
-  ú 

  

1.13 
Definition of Basic envelope attributes and En-

ergy Targets    
X 

  
-  ú 

  
-  ú 

  

1.14 
Definition of Integrative Design Team  

  
+ ú 

  
X  

  
-  úú 

  

1.15 
Preparation of budget for renewables and esti-

mate return on investment/ LCC    
+ ú 

  
+ ú 

  
-  ú 

  

1.16 
Connection  request for PV / drilling permit for 

geothermal    
X 

  
X  

  
-  ú 

  

1.17 
Requirements Analysis  

  
-  ú 

  
-  ú 

  
-  ú 

  

1.18 Apply Strategy towards efficient use of land  

  
X 

  
-  ú 

  
-  ú 

  

1.19 
Assesment  of the Potential for Decentralized 

renewable power generation    
X 

  
X  

  
-  ú 
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2.4.3.  LIST OF ACTIONS  ð WORK BREAKDOWN ST RUCTURE  

The following diagram gives an overview of all actions assigned to urban planning. In addition, they are 

further divided into three categories in order to clearly define to which part of the planning the individual 

actions belongs to. 

  

Figure 15: List of actions in urban planning òwork breakdown structureó (WBS) 

  

Definition Political 

and legal frame 

work for NZEBs

Funding Schemes 

for NZEB Buildings

Development and 

Implementation of 

strategies for 

awareness raising

Regional efficiency 

improvement 

targets supporting 

NZEB

Set long term 

regional targets for 

spatial planning

Regional Planning

Assessment of the 

energy efficiency 

and renewable 

energy potentials

Urban 

Masterplanning 

Allowing highly 

compact buildings

Optimize Building 

Orientation and 

Zoning

Optimize Solar 

Access in Urban 

Layout

Work with Urban 

Microclimate

Consideration of 

Thermal / Electrical 

Microgrids on 

District Level

Consideration of 

Seasonal Storage 

on District Level

Definition of Basic 

envelope attributes 

and Energy Targets

Urban Design

Definition of 

Integrative Design 

Team

Preparation of 

budget for 

renewables and 

estimate return on 

investment/ LCC

Connection request 

for PV / drilling 

permit for 

geothermal

Requirements 

Analysis

Apply Strategy 

towards efficient 

use of land

Assesment of the 

Potential for 

Decentralized 

renewable power 

generation

Preparation and Brief

ACTIONS P01 Urban
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2.4.4.  LIST OF ACTIONS ð RELATIONS BETWEEN T HE ACTIONS  

 

In order to ensure successful cooperation of the stakeholders, it is important to show in which dependencies 

their actions are and in consequence, they are related to other stakeholders and actions. The following figure 

shows the dependencies of the different actions. This analysis is based on the preference analysis and was 

developed based on the ideas of the PLENAR planning tool, which aims to show interdisciplinary relation-

ships in order to achieve a common understanding of planning.  

In addition to the different actions of the phase to be considered, the main responsible actors are listed in 

order to obtain a quick overview. The coloured fields describe the dependencies of the different actions on 

each other. The red fields describe a bilateral, while the blue fields describe partial correlation (e.g  Action 1: 

òDefinition of political and legal frameworkó has a bilateral correlation, marked in red with Action 2   òFund-

ing Schemes for nZEBs). The grey fields indicate which actions are connected to other phases 
 
 
 
 

 
 

 

 

Figure 16: Urban planning process w ith stakeholder-related actions 
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Planners
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3. INTEGRATED BUILDING D ESIGN PROCESS   

 

3.1.  OVERALL PROCESS  

 

An integrated building design process may have many definitions and meanings. In general, it may be consid-

ered a holistic approach, which considers the interactions between different actions, rather than optimising 

them separately. E.g. optimising building layout/plans from a user perspective may have major effects for the 

superstructure of the building, which in turn causes unnecessary additional costs. 

It is important that the process is supported by the entire design team. The outcome of the process should 

be targeted to create a building with:  

 

¶ Architectural quality 

¶ High energy efficiency/low environmental impact 

¶ Healthy indoor climate 

 

 

 

 

Figure 17: Integrated nZEB planning process 
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Figure 18: Integrated planning process / planning phase 

 

 

3.1.1.  CONCEPT DESIGN  

 

The concept design starts with demand planning. To 

be able to start the demand planning it is important 

to understand the client´s requirements and clearly 

define the project goals. It is important that the en-

tire design team understands the goals of the project 

and understands that the work needs to be iterative 

and depends on cooperation. For projects with con-

siderably higher goals, like nZEBs, the design 

process should start with a feasibility study showing 

important technical solutions, costs, savings and po-

tential solution sets that work well together. This 

provides a basis for decision of the main targets for 

the project. The most relevant feasibility studies are 

made with contribution from the architect, the en-

ergy specialist, the developer/ investor, the 
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construction manager and with insights from experts 

on sustainability, technical installations etc. 

The overall verification method of the project goals 

is already defined in the concept design. The project 

team also needs to define how to verify the energy 

performance of the building. Should it be done by 

calculations/simulations and/or measurements in 

the operation phase? Exactly which software or 

which measuring equipment to use is usually not de-

fined at this early stage of the process. 

During the concept design, also critical pitfalls and 

bottlenecks which may affect the project goals need 

to be identified. 

 

The quality of the processes depends on the project 

organization and the information provided about 

project goals and framework conditions. 

It is the client's task as project manager to put to-

gether a project team (if this task is not delegated to 

the contractor, i.e. a so-called ògeneral contractoró) 

that can meet the requirements of its project objec-

tives in every phase of the project. It is also up to the 

client to determine the degree of outsourcing of re-

sponsibility and decision-making power and to de-

fine roles and tasks for all related planning team 

members. In order to avoid the problems of coordi-

nation and cooperation, project participants, as well 

as the definition of responsibilities, decision levels, 

and the technical competencies corresponding to the 

complex requirements, lay the basis for a life-cycle 

oriented process (cf. IG-Lebenszyklus, 2014). It is 

important to choose how many and which specialists 

will be employed for the project, depending on the 

scope and complexity of the task. The expert 

knowledge from various disciplines should always be 

considered in order to achieve a holistically opti-

mized building in which different requirements are 

balanced (BMWi, 2015, p. 4). In addition, integrative 

project organization should have a quality assurance 

effect, since several instances can check compliance 

with the required services. 

Only a simultaneous and comprehensive interdisci-

plinary project team can fully deal with the depend-

encies between function, form and energy and thus 

also identify and evaluate the manifold cost effects 

of actions in the process.  

This applies in particular to the financial conse-

quences of architectural decisions on energy costs 

that cannot be determined by the LCC calculation. 

But also, the extended consideration of the environ-

mental impacts requires corresponding experts and 

close cooperation in order to be able to evaluate and 

compare variants promptly. Close and iterative co-

operation also reduces information losses and plan-

ning collisions and thus prevents time- and cost-in-

tensive planning loops. Energy consultants ensure 

the processing of the required qualities in planning 

and execution, especially those that cannot be quan-

titatively defined in advance. A variant of different 

methodologies and procedures can be used: Variant 

development, comparative life cycle assessment and 

a constant target/actual comparison of the proposed 

solutions with the main project targets.  

Information exchange between the partners in the 

process becomes even more relevant to the more 

complex. This is important because the main cause 

of planning errors and missed deadlines lies in the 

inadequate and incorrect availability of information. 

Therefore, the definition of communication chan-

nels is of great importance for the reduction of data 

and time loss. Smooth and transparent communica-

tion is the key to efficient planning of nZEBs. This 

must be maintained throughout the entire process, 

as subsequent decisions must be made on the basis 

of all information from previous decisions and de-

pendencies. 

 

Integral BIM  (building information modelling) 

project: 

The digital planning process of the BIM planning 

method is characterized by the changed structures of 

cooperation and communication in the planning 

teams.  

Integral planning is the prerequisite for a lifecycle-

oriented process that meets the economic, ecological 

and socio-cultural objectives. Architects and engi-

neers work simultaneously and team-oriented on the 

best innovative solution and constantly check if qual-

itative and quantitative goals are reached. A data 

model, building information modelling ð BIM, maps 

the process from the initial idea to all virtual planning 

variants and the real construction processes to the 

lifelong operation of the building. 

The integral design phase is divided into different 

phases, in which know-how carriers from the differ-

ent specialist areas come together. This development 

takes place in the investigation of variants and the 
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evaluation of the different concepts on the basis of 

ecological and economic considerations. The integral 

design method makes it possible to compare variants 

with each other and to select the concept that 

corresponds to the objectives of the client and the 

target values. 

 

 

3.1.2.  AUTHORISATION PLANNING  

 

When the authorisation planning phase begins, the 

design team may have changed (new members come 

in and members may have left the team). It is there-

fore important to revisit and review the goals of the 

project, ensuring that goals and targets are under-

stood by all members. During authorisation 

planning, the final design is not defined in detail. 

However, in order to handle critical issues which 

may affect the project goals (identified in the concept 

design) some technical solutions may need to be 

studied in detail. 

Also, this part of the process is iterative and depends 

on cooperation. Interdisciplinary work is crucial in 

this part of the process. In order to facilitate the it-

erative and interdisciplinary work, it is advisable to 

gather the entire design team 2-4 times per month 

where the entire design team work on the project. 

The verification of the project goals are defined 

more in detail and responsibility of the verification is 

defined. 

 

In all European countries, there are regulations that 

regulate how construction may be carried out. These 

standards are necessary in order to plan and build 

safe, "healthy", energy-efficient and barrier-free 

buildings. Basically, Pedro et. al. defined five proce-

dures in a publication according to which an ap-

proval procedure can operate (Pedro, 2010). 

1) Exemptions: construction works that have to 

meet the planning demands and the technical re-

quirements but are exempt from the permit proce-

dure.  

2) Building notice: construction works that have to 

be notified to the building authority but can be car-

ried out without a building permit.  

3) Light procedure: construction works that re-

quire a building permit but compliance of building 

design with building regulations is only insured for 

part of the technical requirements.  

4) Regular procedure: construction works that re-

quire a building permit and compliance of building 

design with building regulations is ensured for all the 

technical requirements.  

5) Regularization: construction works that have 

been built without the required building permit or 

contrary to the terms and conditions specified in the 

building permit, but may be legalised.  

 

In the different European countries, there are differ-

ent combinations of possible approval procedures:  

o Exemptions and regular procedure (e.g. Bel-

gium, Cyprus, Hungary, Romania and Scot-

land).  

o Exemptions, building notice and regular proce-

dure (e.g. Austria, Bulgaria, Czech Republic, 

France, Italy, Luxembourg, Malta, Portugal, 

Slovenia, Sweden, Northern Ireland and Eng-

land & Wales).  

o Exemptions, light procedure and regular proce-

dure (e.g. Germany, Lithuania, the Netherlands 

and Spain).  

o Exemptions, building notice, light procedure 

and regular procedure (e.g. Estonia, Ireland and 

Slovakia).  
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Table 3: Types of construction permits in different countries (Pedro, Meijer, Visscher, 2010) 

 EXEMPTIONS  
BUILDING 

NOTICE  

LIGHT  

PROCEDURE 

REGULAR 

PROCEDURE 
REGULARIZATION  

Austria      

France      

Germany      

Italy      

Sweden      

The approval process basically includes the steps: 

Á pre consultation 

Á (planning permit ) 

Á submission 

Á plan approval 

 

Not all steps are applied equally in all European 

countries.  

Within the scope of the pre-consultation, 

information about regulations on use, building 

height, maximum structural mass, etc. can be 

requested. With the exception of Bulgaria, this 

inspection is a voluntary process step that makes the 

approval process a more reliable and secure one for 

the planner / building owner. The information 

provided is handled differently in the countries of 

the European Union. 
Table 4: Given information during the pre-consultation are binding / non-binding for the permission process (Pedro, Meijer, Visscher, 

2010) 

 BINDING INFORMATION  NON -BINDING INFORMATION  

Austria   
France   
Italy   

Sweden   

The next step in authorisation is handled differently 

in the European Union. In some countries, a plan-

ning permit must first be issued before a final permit 

is given. But the planning permission is not yet a 

binding approval for the construction of the build-

ing. The separate approval of design and building is 

carried out in France and Sweden. In Austria, Ger-

many and Italy there is only one approval process for 

the building. 

Information on building standards and the proce-

dure for approval can be found on the internet in all 

EU countries. Codes, brochures and paper forms, 

can also be downloaded from the internet. In one-

third of the countries, electronic intake of a building 

permit application is already possible or being imple-

mented in some countries (Pedro, Meijer, Visscher, 

2010). 
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3.1.3.  TECHNICAL DESIGN  

 

When the technical design phase starts; the configu-

ration of the design team may have changed (new 

members come in and members may have left the 

team). It is therefore important to revisit and review 

the goals of the project; ensuring that they are under-

stood by all members. 

Assumptions made in the concept design and au-

thorization planning need to be checked and verified 

(e.g. ventilation rates, specific values for thermal 

bridges, type of thermal insulation etc.). 

Also, this part of the process is iterative and depends 

on cooperation. Interdisciplinary work is crucial in 

this part of the process. In order to facilitate the it-

erative and interdisciplinary work, it is advisable to 

gather the entire design team 2-4 times per month 

where the entire design team work on the project. 

 

During technical design, the verification of the goals 

of the project is defined in detail. 

As the commissioning tests are crucial for the out-

come of the project, these tests need to be defined 

in this phase.  

In order to manage information in an effective way, 

it is important that all members of the design team 

have access to information (e.g. specifications, Gantt 

scheme, drawings etc.). This is effectively handled by 

using cloud-based management tools.  

 

If the client has chosen to procure the project as a 

BC3 the client manages the design team. The ad-

vantage of a BC for the client is that the client has 

the possibility to control the design in detail. How-

ever, the client may not have the competence to do 

this, needing external consultants. Furthermore, if 

the contractor is not involved, the design team may 

lack the insight of cost drivers, ending up with a 

costly design. 

 

For the other types of procurement, the contractor 

manages the design team. The risk of errors in design 

is transferred to the contractor, and the contractor 

involvement will facilitate the work to achieve a cost-

effective design. However, the client experiences a 

loss of influence on the design.   

 

 

  

                                              
3 Build contracts (BC) 

In these projects, the client has (before contractor involvement) 

designed a building, including technical design, and asks different  

contractors for their bid. Usually the lowest bid w ins the contract. 

In this case, the client holds the risk of errors in design and the 

contractor is not part of the design process. 
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3.2.  PITFALLS AND BOTTLEN ECKS  
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Figure 19: Integrated planning process with bottlenecks 

 

B.201:  Demand planning clie nt  
 B.202: Integral planning  

At the beginning of the planning process, it is important to 

describe the demand exactly, because on this basis the plan-

ning is set up by the integral planner team. In the context of 

this demand planning, it is necessary to define precisely what 

the client's objectives are in terms of life-cycle costs, the envi-

ronment and social factors. These objectives must be de-

scribed in such a way that they can be measured based on a 

few parameters (numerical values). 

 In order to be able to plan nZEBS, it is important that all 

planning departments work together as a team. This is neces-

sary because new technologies have to be combined with 

complex geometric requirements. In order to implement this 

task both effectively and sufficiently, it is necessary for the in-

dividual disciplines to work on a common basis in a continu-

ous exchange of information. 

B.203:  Project management / - coordi-

nation  

 B.204:  Consulting expertise  

nZEBs are mostly complex systems that have been developed 

for a specific building structure. These systems are usually de-

veloped in early planning phases based on concepts. These 
concepts are continuously refined during the project. Changes 

to these systems usually have far-reaching consequences, such 

as delays and inefficiencies in the planning process. Good in-
formation management must also be carried out with the con-

struction site to be able to implement the planned systems ac-

cordingly. 

 To provide comprehensive advice to the customer, it is im-

portant to relate the effects of the decisions to the life cycle of 

a building or to a subsystem of a building. The impact of de-

cisions on life-cycle costs, environmental impacts and social 

aspects must be clearly identified so that the decision can be 

made based on a secure database. 
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B.205:  Tools   B.206: Database  

Implementing a nZEB in planning requires an early as-
sessment and evaluation of a variety of parameters, 
which are classically only examined at a later planning 
stage. Therefore, it is necessary to develop new methods 
and tools, so that the necessary results can be worked 
out at the desired time in the planning process. 

 To be able to estimate a building in future use phases 
realistically, it is important to carry out the calculations 
and evaluations based on a reliable data basis. In addi-
tion to operating data such as maintenance, cleaning 
and repair costs, this should also include costs for an 
end-of-life scenario, energy prices and price increases. 
The scope of the database is so essential because a 
building functions as an overall concept and thus the 
entire life cycle of a component has an influence when 
considering the economic viability of alternatives. 

B.207:  New technologies   B.208:  Supply with (renewable) ener-

gies  

Using new technologies or a new combination of indi-
vidual known elements, it can become relevant to incor-
porate the experience of executing companies at the 
planning stage, as they often have further experience of 
execution problems or other restrictions. This early in-

volvement avoids uncertainties in scheduling and de-
sign problems. This reduces the risk of testing new sys-
tems as all relevant parties work together to solve prob-
lems. 

 

 The type of supply and the renewable energy sources 
available at the building site must be checked and ana-
lyzed in early planning phases to be able to design the 
most energy-efficient and cost-effective overall system 
possible. See some relevant actions to that within the 

next chapter 4.3. 

B.209: Subsidies   B.210: Environmental engineering ser-

vices  

To receive some government-sponsored subsidies, it is 
necessary to send the application before installing the 
plant and wait for confirmation from the authority. If 
you do not follow the correct procedure, it is possible 
not to receive the grant. So, if the request is not pro-
cessed in time, it slows down the whole process and 
postpones the installation. 

 The influence of a technical or structural solution on 
the life cycle of a building is not investigated. This 
means that costs during the use phase, environmental 
impacts and social standards are not considered. Due to 
the lack of analysis and verification during operation, it 
is difficult to make reliable statements on these issues. 

B.211: Process definitions   B.212: Information exchange / cooper-

ation  

To be able to assenble a nZEB plan, new process flows 
are required. This results from the changed require-
ments the quality of the construction task. To achieve 
the goals, cooperative / participative processes and 

working methods must be developed. 

 

 Due to the mostly complex systems of nZEBs it is nec-
essary that all parties involved in planning, construction 
and use are in a constant exchange of information. This 
exchange must be described in the processes, so that a 

cooperative co-operation becomes possible. 
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3.3.  ACTIONS  
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Figure 20: Integrated planning process with actions 

 

 

2.1  Definition of allowed thermal comfort ranges  

 

Thermal comfort is a subjective need but tried to be defined ob-

jectively as the quality of the buildingõs indoor environment. To 

increase thermal comfort, the planner must define optimal ma-

terials and technologies related to the building envelope and 

HVAC system. That could raise planning and investment costs, 

but satisfied users in the long run decrease effort and mainte-

nance. 

MAIN DRIVER  
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COSTS  
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COSTS  
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UP COSTS  

CO- 

BENEFITS  

Planners 
Tenants/Users; Owners; 

Utilities +  û +  û - û 
Comfort 
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2.2  Optimize building e nvelope ( compactness and i nsulation)  

 

The planner should aim for buildings with the lowest form factor and 

good insulation to decrease heat losses, thermal bridges and to reduce 

overheating problems. Improving the compactness doesnõt influence 

the planning cost and has further positive effects: It reduces the 

amount of construction materials needed, provides better comfort 

conditions for the resident and decreases heating energy demand. 

(NHBC Foundation, 2016, The challenge of shape and form). 

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  
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UP COSTS  

CO- 

BENEFITS  
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Owners; Planners; Munici-

palities; (Economic) 

Chambers; Citizen 

groups/NGOs 

  - ûû 

Value devel-

opment 

 

2.3  Improve w indow to w all ratio  

 

Glazing and transparent components of a building influence the en-

ergy balance during summer and winter. Moreover, the transparent 

parts create high heat losses. It follows that a properly designed build-

ing with optimized (low) window to wall ratio and U-value contributes 

to minimising the investment costs, overall energy demand and follow-

up costs. 

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 
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INFLUENCE ON  
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COSTS  
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BENEFITS  
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nicipalities; (Economic) 
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+ û - û - û 

Comfort and 

rental income 

 

2.4  Optimize i nsulation  

 

It  is important to choose materials with low thermal conductivity and 

to optimize the thickness of external building components. Decreas-

ing the U-value the number of construction materials needed increases 

and, therefore, also investment costs. On the other hand, improving 

the insulation provides better comfort conditions (increases mean ra-

diant temperature and decreases local discomfort) and reduces follow-

up costs, related to heating energy demand. 
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 +  û - ûû 
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2.5  Efficient space d esign  

 

Effective space planning ensures not only optimal use of floor area 

without wasted space, but has also positive effects on people inside 

building and on energy saving potential. Even if it requires some extra 

costs in the design, it rationalises the functional needs and the heat-

ing/cooling requirements, which later on saves energy costs. 

MAIN DRIVER  

STAKE - 

HOLDERS  
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ings 

 

2.6  Flexibility & a daptability  

 

Applying the concept of flexibility and adaptability not only to com-

ponents of a building and its structural design but also to its technolo-

gies and installations, makes it possible to achieve changes quickly. 

Moreover, the building is designed for different uses and is switched 

from a short life cycle to a long life cycle. It requires bigger planning 

and investment costs, because of a more complex HVAC system; but 

it permits to reduce follow up costs since it is possible to heat or cool 

only one part and not the whole building. 
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2.7  Optimize s olar gains / s olar c ontrol  

 

Passive solar design techniques require high knowledge on solar geom-

etry and shading system technologies, as well as on modelling or sim-

ulation of solar gains; therefore they raise planning costs. Optimisation 

of solar gains can reduce or even eliminate the demand for mechanical 

cooling, heating and artificial daytime lighting. By sometimes creating 

higher investment costs, it decreases maintenance and annual energy 

costs.  
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2.8  Improve the daylight  factor  

 

By optimising the daylight quotient, life cycle costs for lighting can be 

saved. A daylight simulation must be carried out as part of the planning 

process in order to determine the daylight quotient. Additional costs 

may arise in the context of investment costs since partly larger window 

areas (also inside the building, e.g. to corridors) or directing reflectors 

are usually planned in the course of optimisation.  

 

MAIN DRIVER  

STAKE - 
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2.9  Energy performance c alculation  

 

By determining the energy demand values using simulation, user-spe-

cific statements can be made about the quality of the building. These 

simulations cause considerable additional costs within the framework 

of the planning process. However, these can be reduced in a coopera-

tive BIM planning process if it is possible to transfer the building ge-

ometry from the BIM into the simulation software. More detailed plan-

ning can lead to focused investment and lower energy costs. 
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2.10  Natural v entilation  

 

Due to the passive approach, no final energy is required, although not 

in all nZEB natural solutions would keep high indoor air quality. But 

natural ventilation also assists mechanical ventilation systems in cool-

ing down buildings during summer. In the context of planning, how-

ever, these systems require an increased planning effort and thus 

higher costs there. 
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2.11  Cooling s trategies  

 

Passive, active and hybrid systems are available for cooling condition-

ing of a building. In order to keep usage costs and investment costs as 

low as possible, care should be taken during the planning process to 

optimize strategies for a passive supply of the building and to minimize 

active cooling solutions. A high relation of passive to active cooling 

will give the cost savings during operation. 
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2.12  Renewable energy ð s olar t hermal s ystems  

 

As solar thermal systems are widespread and used for many years there 

is already a good knowledge about the planning, system design and 

operation available. However, planning still accounts for a large share 

of the overall system costs, including a good storage solution. Opti-

mized planning might be more expensive than standard planning pro-

cesses, but it can reduce the investment and operation costs.  
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2.13  Renewable energy ð photovoltaics  

 

As the investment costs for PV systems already decreased tremen-

dously in the past years, the levelized costs of electricity (lcoe) are al-

ready below the purchasing costs for electricity in many countries for 

most electricity consumers. Due to the already low lcoes, the maximi-

zation of the own-consumption is of major importance for the cost 

efficiency of the systems. According to (Köhler et al., 2018), there are 

also large cost saving potentials associated with the PV system itself 

(cabling, cells, grid connection, mounting), which cannot be influenced 

directly by the planning. 
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2.14  Mechanical v entilation  

 

Mechanical ventilation systems are of high need for health and indoor 

air quality. They are often accompanied by heat recovery units, so ven-

tilation heat losses can be reduced significantly, which means lower 

heating loads are to be expected. However, these ventilation systems 

often require a high amount of electricity to transport the air through-

out a year. In addition, maintenance and repair costs are to be expected 

during operation. 
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2.15  Domestic hot w ater  

 

For electricity as well as hot water consumption, especially in residen-

tial buildings, primarily the users and their behaviour have a major in-

fluence on the energy demand and the resulting usage costs. During 

planning, care should be taken to keep distribution and storage losses 

as low as possible and to enable renewable generation of hot water, so 

the follow-up costs will be low. 
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  - û 
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2.16  Plug  loads and internal gains  

 

By integrating internal heat gains into a thermal simulation or energy 

balance, the heating demand in winter and system adjustments can be 

greatly reduced. However, a specific detailed consideration requires an 

increased planning effort. In cooling mode, however, these internal 

heat sources have a negative effect on the required cooling capacity. 

This is currently relevant in non-residential buildings. But a detailed 

analysis and low-cost consideration of the internal heat sources includ-

ing plug loads also makes sense for the living area. 
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2.17  Storage facilities  

 

The development of heat and electricity storage systems is currently 

under considerable pressure for investigating new systems. Most of 

these systems are still characterized by high investment costs, but sup-

port the usage of cheap renewable energy systems like biomass and 

solar thermal systems, which causes low operation costs. 

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

Planners 

Owners; Authorities; Mu-

nicipalities; (Economic) 

Chambers; Society; Utili-

ties 

 + û - ûû 

Role model/  

pioneering 

role 

 

2.18/19  Construction details - h eat bridges  and air tightness  

 

Through a detailed analysis of the quality of the component junctions, 

heat losses/thermal bridges and ventilation losses can be avoided. 

Through these measures, it is possible to reduce the heating demand, 

but much hinder construction damages in the utilization phase. The 

calculation of the thermal bridges, junction gaps and similar is con-

nected with planning effort. However, the result of this calculation has 

a great influence on the sustainability of the constructions. 
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2.20 /22  

Thermal activated b uilding (TAB) e lements  ð accession of thermal 

mass  

 

The TAB systems deliver heating and cooling power to the room with 

low-temperature differences between supply flows and the room. The 

prediction of thermal loads is, therefore, an important factor for effi-

cient operation and thermal comfort. Generally, the integration and 

optimal operation within the HVAC system is essential and requires a 

slightly higher planning effort compared to other available heating and 

cooling solutions, but offers savings and storage/flexibility capacity to 

the buildingõs energy system. 
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2.21  BIM s ystems  

 

 

Building information modelling, allowing all the partners in a project 

to work together on a digital integrated design model, offers benefits 

during both design and construction. There are important savings to 

reach concerning quality and control, e.g. the planning of different in-

stallations creating clarity and promoting integration of different in-

stallation works. However, to achieve the desired output, educated per-

sonnel who know how to work with BIM is needed, and extra time 

and resources (i.e. costs) in the early planning. 
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2.23  Energy recovery s ystems  

 

Energy recovery systems like for ventilation or wastewater treatment 

systems with heat recovery units are costly when installed, but effective 

when re-using heat. An important factor is the electricity consumption 

of the pumps or auxiliary energy needed to run the recovery system ð 

it is decisive for the return on investment. 
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2.24  Heat pumps  

 

The annual work rate, defined as the ratio of the heat produced to the 

electrical energy consumed, averaged over one year, is the most im-

portant factor defining if a specific heat pump system is saving primary 

energy and running costs or not. When the ratio is lower than 2.5, no 

primary energy or cost-saving potential is left, and the heat pump 

comes near to be a òdirect poweredó heating system. 

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

(Economic) Cham-

bers 

Owners; Authorities; Plan-

ners; Municipalities; Inves-

tors; Citizen 

groups/NGOs; Politicians; 

Utilities 

  - û 

Use of energy 

flexibility 
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2.25  Apply for funding  

 

Funding helps the market to advance with continuously improved en-

ergy performance within the newly constructed building stock as a 

long-term result. Applications are often time-consuming, even more 

so in the cases where collaboration between many actors is required, 

but the planning quality increases. However, most often the cost re-

duced due to external funding covers working hours in the design 

phase, some investment in related environmental technologies and so 

follow-up costs. 
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2.26  Efficient use of materials  

 

 

For a nZEB it is important to economize the use of materials, but also 

to reduce unnecessary investment costs there. Focus on efficient ma-

terial use may lead to higher costs in the design phase, especially if 

there are quantitative targets to reach in terms of climate load, demand-

ing CO2-calculations of different materials and constructions. How-

ever, if the focus is to optimize for example the amount of insulation 

in the construction, a simplified way could be to calculate the costs per 

reduced kWh for this solution compared to other technical solutions, 

so that the cost-efficient alternatives are chosen. 
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2.27  Energy Flexibility ð Demand Response  

 

Demand response and energy flexible operation of a building requires 

additional monitoring, communication and automation technologies 

and therefore additional investment costs. On the other hand, under 

the current market environment, the achievable cost savings (or reve-

nues) with demand response are very limited or not existing (especially 

for small capacities/ loads). The topic is interesting for a future fluctu-

ating renewable energy market to save costs. 
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3.4.  PROCESS EVALUATION RESULTS  

3.4.1.  LIST OF ACTIONS RELA TED TO STAKEHOL DERS AND OTHER AC-

TIONS  

In the following table, the various actions were assigned to the main drivers and other stakeholders in order 

to clarify the question of responsibility. In addition, the various dependencies of the actions are listed in the 

right-hand column of the table to show which actions and stakeholders need to be communicated subse-

quently. 
Table 5: List of actions - planning  

  

ACTIONS  

  

MAIN 

DRIVER  

  

STAKE - 

HOLDERS  
  

INFLUENCES 

ON OTHER 

ACTIONS  

        
  

  
  

 

21 
Defi nition of Allowed Ther-

mal comfort ranges    
Planners 

  

Tenants/Users; Owners; Utilities 

  

2.4, 2.6, 2.9, 2.21, 
3.6, 4.9 

22 
Optimize Building Envelope 

(Compactness and Insula-

tion)    
Authorities 

  

Owners; Planners; Municipalities; 
(Economic) Chambers; Citizen 

groups/NGOs 
  

2.3, 2.4, 2.19, 2.20, 
2.21, 2.22, 2.26, 3.4 

2.3 Improve Window to Wall  

Ratio    
Planners 

  

Owners; Construction company; Au-
thorities; Municipalities; (Economic) 

Chambers 
  

2.21, 3.4, 3.6 

2.4 Optimize Insulation  

  

Owners 

  

Real estate fund; Construction com-
pany; Authorities; Planners; Munici-
palities; (Economic) Chambers; Citi-
zen groups/NGOs 

  

2.2, 2.22, 2.26, 3.6 

2.5 Efficient Space Design  

  
Planners 

  

Tenants/Users; Owners; Construc-
tion company; (Economic) Cham-
bers; Utilities 

  

1.8, 2.6, 2.8, 2.16, 
2.21, 3.11, 4.2, 4.8 

2.6 Flexibility & Adaptability  

  
Owners 

  

Construction company; Planners; 
(Economic) Chambers; Utilities 

  

1.17, 2.5, 2.21, 2.27, 
3.3, 4.8 

2.7 Optimize Solar Gains / Solar 

Control    
Planners 

  

Owners; Construction company; Au-
thorities; (Economic) Chambers; Util-
ities 

  

1.6, 1.9, 1.18, 2.12, 
2.13, 2.27 

2.8 Improve Daylight Factor  

  
Authorities 

  

Tenants/Users; Owners; Real estate 

fund; Planners; Municipalities; (Eco-
nomic) Chambers; Society 

  

1.8, 2.3, 2.21 

2.9 Energy perfo rmance Calcula-

tion    
Authorities 

  

Planners; Municipalities; (Economic) 
Chambers; Citizen groups/NGOs; 

Society 
  

2.2, 2.7, 2.20, 2.26 

2.10 Natural Ventilation  

  
Owners 

  

Construction company; Planners; 
(Economic) Chambers; Politicians 

  

1.7, 1.8, 2.14 

2.11 Cooling Strategies  

  
Owners 

  

Tenants/Users; Construction com-

pany; Planners; Municipalities; (Eco-
nomic) Chambers; Society; Utilities 

  

2.2, 2.9, 2.10, 2.14, 

2.16, 3.6 

2.12 Renewable Energy  - Solar 

Thermal Systems    
Owners 

  

Construction company; Authorities; 
Planners; (Economic) Chambers; So-
ciety; Politicians; Utilities 

  

1.2, 1.6, 1.9, 2.7, 
2.15, 2.17, 2.25, 3.7 

2.13 
Renewable Energy  - Photo-

voltaics  

  

Owners 

  

Tenants/Users; Real estate fund; 
Construction company; Authorities; 
Planners; Municipalities; Investors; 
(Economic) Chambers; Citizen 

groups/NGOs; Society; Politicians; 
Utilities 

  

1.2, 1.6, 1.16, 2.17, 
2.25, 2.27, 3.7 

2.14 Mechanical Ventilation  

  

Citizen 
groups/NGOs 

  

Owners; Real estate fund; Construc-
tion company; Authorities; Planners; 
(Economic) Chambers; Society; Poli-

ticians 
  

2.19, 3.1, 4.8 

2.15 Domestic Hot Water  

  

Citizen 

groups/NGOs 
  

Tenants/Users; Real estate fund; Au-
thorities; Planners; Municipalities; 
(Economic) Chambers; Utilities 

  

1.17, 2.7, 2.12, 2.17, 
4.9 
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ACTIONS   

  

MAIN 

DRIVER   

  

STAKE - 

HOLDERS   

  

INFLUENCES 

ON OTHER 

ACTIONS  

  

2.16 Plugloads  and internal gains  

  

Planners 

  

Tenants/Users; Construction com-
pany; Municipalities; (Economic) 

Chambers; Citizen groups/NGOs; 
Society; Politicians; Utilities 

  

2.11, 2.21, 3.6, 4.9 

2.17 Storage facilities  

  
Planners 

  

Owners; Authorities; Municipalities; 
(Economic) Chambers; Society; Utili-

ties 
  

1.17, 2.12, 2.13, 2.15, 
2.24 

2.18 Construction Details - Heat 

Bridges    
Planners 

  

Owners; Construction company; 
(Economic) Chambers; Citizen 
groups/NGOs 

  

2.3, 2.21, 3.6, 3.8, 4.7 

2.19 Air tightness  

  
Planners 

  

Authorities; Municipalities; (Eco-

nomic) Chambers; Citizen 
groups/NGOs; Society 

  

2.2, 2.3, 2.4, 3.5, 4.7 

2.20 Thermal Activated Building 

Elements    
Owners 

  

Construction company; Planners; 
Municipalities; Investors; (Economic) 
Chambers; Utilities 

  

2.2, 2.9, 2.21, 2.26, 
3.4, 4.6, 4.8 

2.21 BIM systems  

  
Authorities 

  

Owners; Construction company; 
Planners; (Economic) Chambers; Pol-
iticians 

  

1.14, 2.3, 2.5, 2.6, 
2.18, 3.1, 3.9, 4.8 

2.22 Accession of Thermal Mass  

  

(Economic) 
Chambers 

  

Owners; Construction company; 
Planners; Citizen groups/NGOs; 

Utilities 
  

2.4, 2.26 

2.23 Energy Recovery Systems  

  
Authorities 

  

Owners; Planners; (Economic) 
Chambers; Citizen groups/NGOs; 
Utilities 

  

1.17, 2.7, 2.27, 4.7, 
4.8 

2.24 Heat Pumps  

  

(Economic) 
Chambers 

  

Owners; Authorities; Planners; Mu-

nicipalities; Investors; Citizen 
groups/NGOs; Politicians; Utilities 

  

1.16, 2.17, 2.21, 4.6, 

4.7 

2.25 Apply For Funding  

  

(Economic) 
Chambers 

  

Authorities; Planners; Municipalities; 
(Economic) Chambers; Citizen 

groups/NGOs; Politicians 
  

1.1, 1.2, 1.15 

2.26 Efficient use of materials  

  

Citizen 

groups/NGOs 
  

Authorities; Planners; Municipalities; 
Politicians 

  

2.2, 2.4, 2.20, 3.4 

2.27 
Energy Flexibility - Demand 

Response    

(Economic) 
Chambers 

  

Tenants/Users; Owners; Authorities; 

Planners; Municipalities; Citizen 
groups/NGOs; Utilities 

  

1.17, 2.6, 2.17 

 

 

 

3.4.2.  LIST OF ACTIONS RELA TED TO COSTS  

 

The cost savings or higher costs depending on the action are shown in the table below. Therefore -ú means 

that fewer costs are required than in a conventional planning procedure. On the other hand, +ú means that 

the costs increase. The number of ú also indicates whether the change is big or small compared to the already 

known costs. The cost estimation for the different actions and the different cost-causing project steps were 

made in the course of the research project with the help of the project partners. 
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Table 6: List of actions related to costs - planning  

  

ACTIONS  

  

I
n

fl
u

e
n

c
e
 
o
n

 
 

P
la

n
n

in
g
 C

o
s
t
s

 

 
 

I
n

fl
u

e
n

c
e
 
o
n

 
 

I
n

v
e
s
t
m

e
n

t
 
C

o
s
t
s

 

 
 

I
n

fl
u

e
n

c
e
 
o
n

 
 

F
o
ll
o
w

-
U

p
 
C

o
s
t
s

 

  

                  
2.1 Definition of Allowed Thermal comfort ranges  

  
-  û 

  
+ û 

  
-  û 

  
2.2 Optimize Building Envelope (Compactness and 

Insulation)  

  
+ û 

  
X 

  
-  ûû 

  
2.3 Improve Window to Wall Ratio  

  
+ û 

  
-  û 

  
-  û 

  
2.4 Optimize Insulation  

  
X 

  
+ û 

  
-  ûû 

  
2.5 Efficient Space Design  

  
+ û 

  
X 

  
-  û 

  
2.6 Flexibil ity & Adaptability  

  
+ û 

  
+ û 

  
-  û 

  
2.7 Optimize Solar Gains / Solar Control  

  
+ û 

  
+ û 

  
-  ûû 

  
2.8 Improve Daylight Factor  

  
X 

  
X 

  
-  û 

  
2.9 Energy performance Calculation  

  
+ û 

  
-  û 

  
-  û 

  
2.10 Natural Ventilation  

  
+ û 

  
X 

  
-  û 

  
2.11 Coo ling Strategies  

  
+ û 

  
+ û 

  
-  û 

  
2.12 Renewable Energy  - Solar Thermal Systems  

  
+ û 

  
+ û 

  
-  ûû 

  
2.13 Renewable Energy  - Photovoltaics  

  
X 

  
+ û 

  
-  ûû 

  
2.14 Mechanical Ventilation  

  
+ û 

  
+ û 

  
X 

  
2.15 Domestic Hot Water  

  
X 

  
X 

  
-  û 

  
2.16 Plugloads  and internal gains  

  
X 

  
-  û 

  
-  û 

  
2.17 Storage facilities  

  
X 

  
+ û 

  
-  ûû 

  
2.18 Construction Details - Heat Bridges  

  
+ û 

  
X 

  
-  û 

  
2.19 Air tightness  

  
X 

  
+ û 

  
-  û 
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ACTIONS  

  

I
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P
la

n
n

in
g
 C

o
s
t
s
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n
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n

 
 

I
n
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n
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p
 
C

o
s
t
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2.20 Thermal Activated Building Elements  

  
+ û 

  
X 

  
-  û 

2.21 BIM systems  

  
-  û 

  
X 

  
X 

2.22 Accession of Thermal Mass  

  
+ û 

  
X 

  
-  û 

2.23 Energy Recovery Systems  

  
X 

  
+ û 

  
-  û 

2.24 Heat Pumps  

  
X 

  
X 

  
-  û 

2.25 Apply For Funding  

  
X 

  
-  û 

  
-  û 

2.26 Efficient use of materials  

  
+ û 

  
-  û 

  
X 

2.27 Energy Flexibility - Demand Response  

  
+ û 

  
+ û 

  
-  û 
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3.4.3.  LIST OF ACTIONS ð WORK BREAKDOWN STRUCTURE  

The following diagram shows an overview of all actions assigned to planning. In addition, they are further 

divided into three categories in order to clearly define which part of the planning the individual actions belong. 

  

Figure 21: List of actions - planning  
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3.4.4.  LIST OF ACTIONS ð RELAT IONS BETWEEN THE ACT IONS  

The following figure shows the correlations between the different actions and stakeholders. A more detailed 

description can be found in chapter 2.4.4. 

 

 

Figure 22: Correlation of actions in planning 
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CHAPTER 4 

CONSTRUCTION PROCESS  

òTOWARDS A LEAN CONSTRUCTION  

MANAGEMENT  FOR nZEB Só 
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4.CONSTRUCTION PROCESS  / NZEB  ð LEAN 

CONSTRUCTION MANAGEM ENT  

4.1.  OVERALL PROCESS  

 

Considering the building as a manufactured product also allows for the application of lean management strat-

egies, which have been widely used in the industry sector (starting from automotive). In the building sector, 

there are only a few experiences, mainly performed in big and very complex construction sites but also in 

smaller, standardized and highly industrialized concepts (for example BoKlok, a housing product by IKEA 

and Skanska). CRAVEzero focuses on lean construction and operational protocols, which can also be applied 

for low and mid-rise investment for low LCC nZEBs. CRAVEzero will develop construction and facility 

management (quantitative and qualitative) indicators, and relative evaluation methods, enabling monitoring 

and control of the effectiveness and viability of a comprehensive low LCC nZEB development process, as 

well as generally better exchanges of data in the form of usable information and knowledge among the stake-

holders involved. 

 

 

 
 

Figure 23 
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Figure 24: Construction process 
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4.2.  TENDER/ CONSTRUCTION CONTRACTS  

Once a project is approved and gets the authoriza-

tion by authorities, construction companies are in-

volved in a negotiation phase. 

The company receives all project documents and 

construction guidelines, then draws up an economic 

statement detailing the quantities, processes and 

costs to realize the building and exposes it to his cli-

ent. The construction company seeks to comply with 

all customer requests and where possible offers im-

provements. Subsequently, the negotiation between 

the parties starts, the customer compares the 

different offers to determine the company that will 

carry out the work. 

This phase of negotiation takes place between the 

company and the direct investor supported by his or 

her reference technicians (fund, private person or 

real estate) in the case of work as a general contrac-

tor. If, on the other hand, the company is required 

to perform only the role of the constructor of the 

building, it will deal with those involved in carrying 

out the intervention on behalf of the client and who 

will coordinate the various professional figures. 

 

 

4.2.1.  CONSTRUCTION PHASE  

As the permissions are obtained, the construction 

phase can start. 

The very first phase is related to the preparation of 

the site, keeping the construction site as clean and 

uncluttered as possible, then the realization of the 

excavation for the foundation.    

The construction company can start, from the reali-

zation of the foundation and then all the bearing 

structure. If precast elements are used this phase is 

easier, scaffolding are avoided, and the construction 

is faster. 

When the structure is complete, and the envelope is 

closed other skilled workers can start to realize tech-

nological systems (electric and HVAC), to install 

windows, to do interior works up to complete with 

finishing elements.  

Lean construction is an approach developed to im-

prove efficiency and effectiveness of the 

construction process. Managing a lean construction 

means minimizing the waste of time, resources and 

materials, and thereby maximizing value. The pres-

ence of a general contractor, which manages and co-

ordinates all suppliers and operators, makes it possi-

ble to optimize the entire system through collabora-

tion, the elimination of obstacles and to fluidize the 

process, with the aim of achieving the value desired 

by the customer. 

A key premise for successful lean construction is that 

materials and tools are available when an operation 

is scheduled to start, equipment, design and people 

are in place. Breaking down the work and planning it 

with a focus on letting the different disciplines work 

separately as much as possible in an area and han-

dling the interfaces between disciplines. This can be 

achieved through defining a number of òconstruc-

tion phasesó and sequencing these. 

Useful is a structure of planning meetings to ensure 

that all operations can start when planned. 

Another point that can be crucial to avoid slow-

downs is to give detailed "rules" for the decision 

power of each level. 

The constructions have to reach the maximum func-

tionality, with the satisfaction of the final users.  

Manufacturers and suppliers will have to be involved 

in the design as soon as possible, to achieve integra-

tion and cost-effectiveness of the building. Current 

achievements, progress, compliance with project re-

quirements must be verified by specific coordinated 

and continuous measures. Better is facilitating qual-

ity control throughout the construction process, ra-

ther than doing this at the end when correcting prob-

lems is much more difficult and expensive. 

Allowing an open communication between owner, 

project manager, contractors and engineering con-

sultants is an issue that guarantees a better outcome. 

The use of prefabricated systems and the displace-

ment of the workings as much as possible outside 

the building site is a winning strategy. Using this 

technology it is possible to apply the principles of 

lean production to construction. Off-site construc-

tion reduces on-site work and locates it mainly in the 

factory, allowing reorganization of technologies and 

process aimed at greater efficiency and quality. The 



 

 

 

 I 69  

 

main improvements between the standard method 

of construction and the off-site are: 

o Guarantee of better control and quality of the 

product.  Thanks to the industrialized systems 

the production is optimized and the perfor-

mances guaranteed; 

o Production times are reduced thanks to the ef-

fectiveness and precision of production pro-

cesses; 

o On-site operations are reduced to a minimum, 

the risk of unforeseen events, delays and addi-

tional costs are reduced; 

o The scheduled times and costs are more certain, 

reduction of uncertainty to the realization of the 

projects. 

The reliability of the goods produced, the traceability 

of the components, their programmable mainte-

nance as well as the containment of the energy costs 

become aspects decisive for off-site construction. 

Another strength of lean construction is the im-

provement of health, safety and environment and 

also job satisfaction (quality of working condition is 

improved, better cooperation and fewer conflicts are 

a guarantee). 
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4.2.2.  COMMISSIONING/ HANDOVER  

 

 
 

At the end of the construction, compliance with the 

project must be guaranteed. Checks and measure-

ments are performed already during the execution of 

the work, but at the end real tests are carried out to 

ensure the efficiency of the building (static test, 

blower door test, verification of the electrical system, 

etc.).  

Together with the building, the customer is given a 

manual of use and maintenance, which collects all in-

dications for the correct use of the building and the 

components installed in it. The manual intends to 

provide general advice to optimize the use of the 

new home and to manage scheduled maintenance 

services efficiently. 

Today, thanks to digitized systems, such as BIM, it is 

possible to provide a real identity card of the build-

ing, to be used for the management of the entire life 

cycle of the building. 

After the realization of the building it is necessary to 

do some test to verify the operational phase of the 

HVAC and energy production system. The first test 

is the production of electricity of the PV system that 

has to be similar to the design parameter. Another 

important test is related to the balance of radiant 

flow heating and mechanical ventilation to provide 

heating and ventilation according to design. 

The last test considered is the blower door test that 

is necessary to evaluate real air infiltration in nZEB 

building to correct the presence of realization fault 

that can increase energy consumption and cause 

structural damage during operational phases. 

The maintenance of the systems is important to pre-

serve the energy efficiency of the overall building. 

The solution is to monitor and control some im-

portant parameter such as energy consumption or 

heat production of the HVAC system. The principal 

purpose of energy monitoring is to store data to im-

plement automatic statistical analysis to predict fail-

ure of HVAC components. 

Commissioning advantages: 

The organized planning of the processes of the com-

missioning of trades and plant components has the 

goal of achieving the functionality required in the or-

der demonstrably and transparently. 

This is a process which is intended to prove the en-

tire functionality of all systems in order to ensure the 

function of the individual trades. 

The result of the organization of the commissioning 

is a functional building with all plants, which ensures 

the use for the client from the first day on. 

Basic determination within the scope of commis-

sioning are guaranteed parameters by the contractor 

as the basis for performance measurements and con-

tract fulfillment. 

The objective of the organized commissioning is to 

maintain a functional and energy-efficient object 

with all plant components of the technical building 

equipment. 
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The operating parameters on which the planning is 

based and which correspond to the client's specifica-

tions must be verified by the trade contractor. 

Necessary adjustments of operating parameters in 

order to achieve optimizations are to be initiated or-

ganizationally. This is achieved by trial operation and 

long-term monitoring of the technical building 

equipment in operation by the facility manager. 

The determination of the methods to be applied in 

the course of commissioning is also important for 

determining the basic principles (verification by the 

respective trade contractor). This concerns the tools 

and activities for implementation. This is a prerequi-

site for preparing or organizing the commissioning 

by suitable persons in view of a large number of dif-

ferent requirements of the parties involved in the 

construction work and the type of use. 

Due to the given complexity of the project, the as-

surance and control of the desired quality is an im-

portant and desired service of the client. This service 

is to be provided by the respective contractor as 

proof of his complete fulfillment of the contract. 

This interface matrix enables the creation of task al-

locations, proof allocations, scheduling, the capacity 

of personnel, etc. 

 

Procedure for commissioning:  

 

Before handover/acceptance  

¶ Completion of the plant by the respective 

contractor 

¶ Quality inspection by the respective con-

tractor 

¶ Quality control by adjacent trades together  

¶ Elimination of open services by the respec-

tive contractor 

¶ Acceptance by the client or his vicarious 

agents 

¶ Elimination of defects by the contractor 

¶ The takeover by the client 

 

After takeover  

¶ Real operation during the warranty period 

by the facility manager 

¶ The final determination by the client or by 

its vicarious agent 

¶ Elimination of defects by the tradesman 

¶ The release of the contractor from warranty 

 

Ste p 1 Performance assessment  

Verification of the performance of the service in ac-

cordance with the contract as a prerequisite for the 

acceptance of the service (which means an apparent 

acceptance). 

 

The acceptance consists of: 

¶ The completeness check 

¶ The proof of the functional test = commis-

sioning 

¶ Proof of function measurement = proof of 

commissioning 

¶ The proof of the cross-industry safety func-

tion test = proof of the official requirements 

¶ The proof of the function test covering all 

Trades = commissioning 

¶ The cross-functional measurement = verifi-

cation of the trial operation 

 

Step 2 Completeness check  

Proof that: 

¶ The delivery has been made in full to the ex-

tent provided for in the contract 

¶ The components or the system components 

are properly installed in compliance with the 

technical and official regulations and stand-

ards  

¶ There is accessibility for operation 

¶ All official documentation is available 

 

 

 

Step 3 Scope of inspection  

¶ Comparison of the delivery with the con-

tract, both in terms of scope and material 

¶ Checking compliance with technical and of-

ficial safety regulations 

¶ Proof of submission of all documents nec-

essary for the operation 

¶ Proof of submission of all necessary docu-

ments for energy management 

¶ Evidence of the training and instruction 

provided, above all in safety-related matters 

(accident management) 
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Step 4 Function test  

¶ Verification of the contractual functionality 

of the plant, the technically correct installa-

tion and the effectiveness of the individual 

components. 

 

Step 5 Function measurement  

¶ Verification of the assured nominal values 

to be provided by the plants under load 

(random checks). 

 

Step 6 Ch ecks  

Determination of the material quality, the execution 

quality and proof of the trouble-free and efficient 

operation of the plant components. 

 

 

 

 

 

 

Figure 25: Commissioning procedure after takeover
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4.3.  PITFALLS AND BOTTLEN ECKS  

 
Figure 26: Construction process- bottlenecks 

 

B.301: Installation of innovative tech-

nologies  

 B.302: Budget constraints  

To achieve the energetic status of a nZEB, it is neces-

sary that the overall quality of the building is at a very 

high level. The development of new constructions and 

the installation of new technologies must be made by an 

experienced team. Lack of experience can lead to prob-

lems in building operation or construction defects. 

 

 During the construction work, it is recognized that the 

expenditure is greater than it was estimated by the plan-

ner team. These misjudgements can lead to the client's 

request for changes in planning, which then leads to 

high additional costs, as a nZEB is based on complex 

building concepts. 
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B.303: Commissioning management  

 B.304: Communication in the construc-

tion process  

nZEBs often have complex building technology, which 

requires complex commissioning and eventually moni-

toring during operation to achieve the desired quality. 

This measurement can reduce the risk of failures in 

building operation, as all components are checked indi-

vidually and in interaction. This testing and comprehen-

sive documentation can identify weaknesses and modi-

fications compared to planning. 

 To set up the complex system of a nZEB, increased 

communication between the individual participants is 

necessary, as the different systems are closely linked. In 

addition, it is necessary to keep comprehensive docu-

mentation of the interaction of the individual systems 

as well as the functionality of the individual systems. 

 

4.4.  ACTIONS  

 

Figure 27: Construction process- actions 
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3.1  Tenant design and c onstruction guidelines  

 

Informed tenants and users of buildings means in most cases easier 

detailed planning effort because things could be simplified in some 

cases. For the "second generation" of occupants or users of buildings 

such guidelines can ease the maintenance and operation when they are 

informed about building services and procedures properly. 

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

Owners 

Tenants/Users; Real estate 

fund; Planners; Investors; 

Utilities 
- û  - ûû 

Energy sav-

ings 

 

3.2  Energy performance guarantee  

 

The direct benefit from a guaranteed energy performance is the re-

duced risk for the client/investor, but there are also indirect savings in 

terms of reduced costs during the follow-up mainly due to the en-

hanced efforts to succeed with the energy performance, thus gaining 

effect from doing òeverything rightó during the design and construc-

tion. Of course, the extra effort means some extra costs initially but 

that is likely to be paid back by good energy related management, 

thereby reducing mistakes and errors.  

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

Utilities 

Tenants/Users; Owners; 

Real estate fund; Planners; 

Investors; (Economic) 

Chambers 

+ û - û - û 

Value devel-

opment and 

service quality 

 

3.3  Extended producer responsibility  

 

The producer is encouraged to improve the quality of the product to 

promote durability. Being responsible for the disposal of the product 

stimulates the producer to evaluate the entire life cycle of the asset, in 

order to identify solutions that reduce waste management costs and 

increase recycling levels. By supporting the material recycling markets, 

it helps to reduce the extraction or import of raw materials, avoiding 

risks deriving from price fluctuations. 

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

Citizen 

groups/NGOs 

Owners; Construction 

company; Authorities;  

Planners; Municipalities; 

Politicans 

- û - ûû  
Resource Sav-

ings 
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3.4  Prefabrication of multifunctional building elements  

 

The use of integrated and standard modular systems permits to opti-

mize design and coordinates different competences in an early stage. 

On-site installations are reduced to a minimum, the risk of unforeseen 

events, delays and over-costing are reduced. Replicating standardized 

procedures is useful to better control the execution on site and reduce 

construction defects. Considering the entire life cycle it is preferable to 

be able to replace only some components of the buildingõs envelope 

to improve performance. 

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COST S 

CO- 

BENEFITS  

Planners 
Owners; Construction company; 

Planners; (Economic)Chambers - û   
Value devel-

opment and 

quality assur-

ance 
 

3.5  Air t ightness m easurements  

 

The planning cost is negligible as few requirements are to be included 

in the air tightness specification tests. Additional remedial works could 

be necessary if performance is not obtained, but it mainly involved 

labour cost and smoke test to identify air leakage. Regarding follow-up 

costs, an air tightness performance will be able to confirm the designed 

energy performance. 

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

(Economic) Cham-

bers 

Construction company; Authori-

ties; Planners; Citizen 

groups/NGOs 

 + û - û 

Quality assur-

ance and con-

struction 

value 
 

3.6  Thermography infrared  

 

No incidence on planning costs since the infrared camera test is done 

before handover when the building is under commissioning process. 

The investment cost of the test requires the rent of the thermal camera. 

Additional remedial works could be necessary if performance is not 

obtained. The cost of these works could be minor or major depending 

on the origin of the defect. Regarding the follow-up cost, this test will 

verify the compliance of the designed envelope quality. 

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

(Economic) Cham-

bers 

Owners; Construction company; 

Authorities; Planners; Citizen 

groups/NGOs 

 + û - û 
Quality assur-

ance and con-

struction value 
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3.7  Installation of renewables  

 

Installing renewable energy sources has a positive impact on the car-

bon footprint emission and the self-consumption of cheap energy on-

site. Various types of renewables could be used depending on site con-

straints: solar, wind, geothermal, combined heat and power (CHP) 

from biogas, etc. The size of the renewable installation will depend on 

the objective retained in order to offset partial or total buildingõs en-

ergy consumption in operation. 

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

Owners p + û + û - ûû 
CO2-reduc-

tion 

 
 

3.8  Eliminate h eat bridges  

 

The investment cost due to eliminate the heat bridges is moderate. Al-

ternative solutions for thermal blockers are to be considered to reduce 

overall thermal losses like: external insulation, external self-bearing bal-

conies and similar. Regarding the follow-up cost, thermal bridges con-

tribute to a relatively high part of the energy performance, especially 

when given to the ground where heat losses sustain over long times 

during the year. 

MAIN DRIVE R 

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

Planners 
Construction company; Authori-

ties; (Economic)Chambers; Citizen 

groups/NGOs 

 + û - û 

Quality assur-

ance and con-

struction 

value  
 

3.9  Construction checklists  

 

Identify critical nodes and pitfalls of the construction during the design 

phase help to monitor them during the realization of the building. 

Measures and test carried out to ensure the efficiency of the building 

components can assure the quality of the building and prevent future 

problems. Also important is to verify that the project goals are reached 

and respected. To correct defects during the construction phase, it is 

even much better to prevent them during design phase, or immediately 

after specific construction work. 

MAIN DRIVER  
STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  
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COSTS  
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ON FOLLOW -
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CO- 
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Real estate fund; Construc-

tion company; Planners; 

(Economic)Chambers 
- û  - û 

Value devel-

opment  
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3.10  Green power and c arbon offsets  

 

 

Purchasing carbon offsets or chose for green power certified electricity 

allows to compensate for the emissions of greenhouse gases and in-

creases the implementation of green power plants. The more planned 

and placed investments in such projects, the more costs on fossil en-

ergy later on can be reduced.  

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVESTMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

Tenants 

Owners; Citizen 

groups/NGOs; Society; 

Utilities 

 + û - ûû 
CO2-reduc-

tion 

 

3.11  Indoor air q uality (IAQ) a ssessment  

 

IAQ assessment means define criteria in an early stage and slightly af-

fects the cost during the building life cycle, and it is not directly con-

nected to operation adjustment in order to reduce the energy cost. 

Nevertheless, it is strategic to improve the comfort conditions of the 

occupants, because it could reduce the maintenance and building ser-

vices system costs. 

MAIN DRIVER  

STAKE - 

HOLDERS  

INFLUENCE 

ON PLANNING 

COSTS  

INFLUENCE ON  

INVES TMENT 

COSTS  

INFLUENCE 

ON FOLLOW -

UP COSTS  

CO- 

BENEFITS  

Citizen 
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Tenants/Users; Owners; 

Construction company; 

Authorities; Planners; Mu-
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+ û  - û 

Comfort 
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4.5.  PROCESS EVALUATION R ESULTS  

4.5.1.  LIST OF ACTIONS RELATED TO S TAKEHOLDERS AND OTHE R ACTIONS  

In the following table, the various actions are assigned to the main drivers and other stakeholders in order to clarify 

the question of responsibility. In addition, the various dependencies of the actions are listed in the right-hand column 

of the table to show which actions and stakeholders need to be communicated subsequently. 

 
Table 7: List of actions - construction  

 

 

  
ACTI ONS  

  

MAIN 

DRIVER    

STAKE - 

HOLDERS    

INFLUENCES ON  

OTHER ACTIONS   

    
  

  
  

  
  

  
3.1 Tenant Design and Construc-

tion Guidelines  

  

Owners 

  

Tenants/Users; Real 
estate fund; Planners; 
Investors; Utilities   

2.2, 2.3, 2.4, 2.12, 2.13, 
2.18, 2.26, 3.4, 3.8, 3.9, 4.7 

3.2 Energy performance guaran-

tee  

  

Utilities 

  

Tenants/Users; Own-

ers; Real estate fund; 
Planners; Investors; 
(Economic) Chambers   

1.19, 2.17, 2.23, 3.7, 4.1, 

4.4, 4.7 

3.3 Extended producer responsi-

bility  

  

Citizen 

groups/NGOs 

  

Owners; Construction 

company; Authorities; 
Planners; Municipali-
ties; Politicians   

3.5, 3.9, 4.1, 4.2, 4.3, 4.4, 

4.5, 4.6, 4.7, 4.9 

3.4 Prefabriction  of multifunc-

tional Building Elements  

  

Planners 

  

Owners; Construction 
company; Planners; 

(Economic) Chambers   

1.17, 2.20, 2.26, 3.9, 4.8 

3.5 Air Tightness Measurements  

  

(Economic) 
Chambers 

  

Construction company; 
Authorities; Planners; 
Citizen groups/NGOs   

2.19, 2.26, 3.11, 4.8 

3.6 Thermography infrared  

  

(Economic) 

Chambers 

  

Owners; Construction 

company; Authorities; 
Planners; Citizen 
groups/NGOs   

2.3, 2.4, 2.16, 2.18, 2.21, 

2.23, 3.8 

3.7 Installation renewables  

  

Owners 

  

Authorities; Planners; 

Municipalities; (Eco-
nomic) Chambers; Citi-
zen groups/NGOs; So-
ciety; Politicians; Utili-

ties   

1.11, 1.16, 1.17, 1.19, 2.9, 

2.17, 3.9, 4.2, 4.5 

3.8 Eliminate Heat Bridges  

  

Planners 

  

Construction company; 
Authorities; (Eco-
nomic) Chambers; Citi-
zen groups/NGOs   

2.3, 2.4, 2.18, 2.22, 2.26 

3.9 Construction checklists  

  

Owners 

  

Real estate fund; Con-
struction company; 
Planners; Investors; 
(Economic) Chambers   

2.2, 2.3, 2.4, 2.14, 2.18, 3.1, 
4.7, 4.9 

3.10 Green Power and Carbon Off-

sets  

  

Tenants/Users 

  

Owners; Citizen 

groups/NGOs; Soci-
ety; Utilities   

1.9, 2.7, 2.12, 2.13, 2.24, 

2.27 

3.11 Indoor Air Quality Asses s-

ment  

  

Citizen 
groups/NGOs 

  

Tenants/Users; Own-
ers; Construction com-

pany; Authorities; Plan-
ners; Municipalities; 
Citizen groups/NGOs   

2.10, 2.11, 2.14 
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4.5.2.  LIST OF ACTIONS RELA TED TO COSTS  

The cost savings or higher costs depending on the action are shown in the table below. Therefore -ú means that less 

costs are required than in a conventional planning procedure. On the other hand, +ú means that the costs increase. 

The number of ú also indicates whether the change is big or small compared to the already known costs. The cost 

estimation for the different actions and the different cost-causing project steps were made in the course of the research 

project with the help of the project partners. 

 
Table 8: List of actions related to costs - construction  

  

ACTIONS  
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P
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3.1 Tenant Design and Construction Guidelines  

  
-  û 

  
X 

  
-  ûû 

  
3.2 Energy performance guarantee  

  
+ û 

  
-  û 

  
-  û 

  
3.3 Extended producer responsibility  

  
-  û 

  
-  ûû 

  
+ û 

  
3.4 Prefabriction  of multifunctional Building Ele-

ments  

  
-  û 

  
-  û 

  
X 

  
3.5 Air Tightness Measurements  

  
X 

  
+ û 

  
X 

  
3.6 Thermography infrared  

  
X 

  
+ û 

  
-  û 

  
3.7 Installation renewables  

  
+ û 

  
+ û 

  
-  ûû 

  
3.8 Eliminate Heat Bridges  

  
X 

  
+ û 

  
-  û 

  
3.9 Construction checklists  

  
X 

  
-  û 

  
+ û 

  
3.10 Green Power and Carbon Offsets  

  
+ û 

  
+ û 

  
-  ûû 

  
3.11 Indoor A ir Quality Assesment  

  
+ û 

  
X 

  
-  û 
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4.5.3.  LIST OF ACTIONS ð WORK BREAKDOWN STRUCTU RE 

The following diagram shows an overview of all actions assigned to construction. In addition, they are further divided 

into three categories in order to clearly define in which part of the construction the individual actions belong. 

 

 

Figure 28: List of actions in construction  
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4.5.4.   LIST OF ACTIONS ð RELATIONS BETWEEN TH E ACTIONS  

 

The following figure shows the correlations between the different actions and stakeholders. A more detailed descrip-

tion can be found in chapter 2.4.4. 

 

 

 

 

Figure 29: Correlation of actions in construction - own representation follow ing the PLENAR planning tool 
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5.BUILDING OPERATION PROCESS   

5.1.  OVERALL PROCESS  

At the end of the construction process, once the 

building is commissioned, tested, certified and the 

user has moved in, it is important to ensure the 

proper building operation. Facilitiesõ operations and 

maintenance include a broad spectrum of processes, 

tools and services required to assure that the building 

will perform the functions for which it was designed 

and constructed. An appropriate user behaviour, oc-

cupant involvement, continuous monitoring and an 

optimized maintenance raise potential for cost re-

duction and savings.   

Operation and maintenance represent the greatest 

expense in owning and operating a building over its 

life cycle. The Royal Academy of Engineering (Royal 

Academy of Engineering,1998) reports that the 

typical costs of owning an office building for 30 years 

are in the ratio of: 

- 0,1 to 0,5 for design costs; 

- 1 for construction costs; 

- 5 for maintenance costs; 

- 200 for costs of operating the business dur-
ing the lifetime of the building, including 

staff costs. 

Therefore, to recover the initial construction cost, 

since it is the smallest amount, the maintenance and 

operating costs should be minimized. An optimized 

monitoring system permits to control the energy 

consumption, the efficiency of facilities and thermal 

parameters of buildings continuously. For example, 

if in winter the detected outdoor temperature ex-

ceeds the set-point, it will be possible to decrease 

heating power. So, the optimal temperature and ther-

mal comfort conditions can be reached as well as the 

energy consumption reduced.  
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Figure 30: Operation process 

 

5.1.1.  OPERATION  

 

During the operation phase, the tenants and owners 

of the building are the main actors. An operation and 

maintenance plan can be used to ensure that the 

building functions in the manner defined in the plan-

ning phase. This includes component life expec-

tancy, a plan for recurring operating and mainte-

nance sessions, deceptive routines, target values and 

performance indicators, and a plan for recurring in-

spections of target values. In addition, a complete 

and always up-to-date documentation of the 

building, services and the plant technology is re-

quired during operation in order to be able to control 

building services engineering and to exclude damage 

due to incorrect operation, care and maintenance.  

Another strategy to improve the operation of build-

ings is to influence user behaviour. Improving user 

behaviour can lead to energy cost savings of around 

15%. Therefore, occupant and operator training can 

have a positive impact. Users should be informed 

about how they can operate building technology in 
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an energy-efficient way. In addition, a user profile 

can be created in the planning phase in order to de-

sign the building concept accordingly and positively 

influence the operation phase. 

Problem detection and optimisation is also an option 

to secure the efficient operation of a nZEB. The 

monitoring of all technical building functionalities 

(see below) is important in order to achieve the 

nZEB standard in operation. A continuous compar-

ison should be made between the planned and the 

actual consumption. If the energy consumption of a 

particular system is not as planned (too high) or to 

detect leaks, system problems, etc., advanced control 

and integrated problem/ fault detection should pro-

vide automatic alerts. 

Another concept to ensure efficient building opera-

tion is advanced energy measurement. In addition to 

monitoring energy consumption and on-site produc-

tion from renewable sources, energy-consuming 

equipment, which accounts for more than 10% of 

total energy consumption, must be monitored sepa-

rately. For electricity, it is necessary to monitor both 

consumption and demand. Data must be accessible 

remotely. All meters in the system should be able to 

report hourly, daily, monthly and annual energy con-

sumption. 

 

 

5.1.2.  MONITOR ING  

The energy demand of nZEBs is usually calculated 

with simple tools in the planning phase of the build-

ing process. Only in a few cases, measurements are 

taken during the operation phase of the building, 

proving not only the energy performance / effi-

ciency but also comfort conditions. Thus, field mon-

itoring, meant as an observation of buildingõs real 

operation parameters for the evaluation of its system 

energy performance through measurements sampled 

and recorded at regular intervals, becomes a neces-

sary part of energy-efficiency programs. From this 

perspective òmonitoringó is not only aimed at con-

trolling building facilities to ensure suitable comfort 

conditions (as usually perceived as Building Energy 

Management Systems - BEMS), but it favours energy 

efficiency by increasing the awareness of building 

owners/  facility managers with respect to energy use, 

suggesting energy saving measures to be adopted and 

evaluating them afterwards (audit, diagnosis and 

continuous commissioning). 

Although the recognition of the effectiveness of a 

monitoring system, measurement campaigns for en-

ergy performance assessments are not yet a common 

practice in buildings and they are often limited to re-

search or demonstration projects. Major barriers are 

the equipment cost and the effort required in moni-

toring activities, spanning from the system planning 

to the elaboration of the collected data (post-

processing). However, with regards to the financial 

aspect, monitoring has demonstrated to be a highly 

cost-effective means of obtaining significant energy 

savings around 10 to 20%. The larger and more 

complex the building is, the more profitable the 

monitoring is likely to be. Standardized monitoring 

procedures, in particular for new buildings or com-

prehensive retrofit, are easily available. There are in-

ternational standards like ISO 50006 and ISO 50015 

together with the ăInternational Performance Meas-

urement and Verification Protocol (IPMVP)ó of the 

Efficiency Valuation Organization (EVO) which all 

help in assessing procedures on monitoring. 

Following steps are particularly relevant for the 

assessment of nZEB:  

¶ Collection of building data  

¶ Definition of monitoring boundaries 

¶ Selection of metrics and relevant data required 

¶ Selection of data frequency and duration of 

measurements 

¶ Identification of suitable sensors and data 

acquisition system 

¶ Final planning of the monitoring equipment 
and installation 

¶ Definition and implementation of data post-

processing (e.g. performance indicators) 

¶ Definition of a standard reporting 
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5.1.3.  MAINTENANCE  

All facilities of the building require maintenance dur-

ing its service life. It is possible to perform both 

planned preventive or predictive maintenance and 

corrective (repair) maintenance. Preventive Mainte-

nance (PM) consists of a series of time- and IT-based 

maintenance requirements that provide a basis for 

planning, scheduling, and executing scheduled 

maintenance. PM includes lubricating, cleaning, ad-

justing and replacing components. Predictive 

Maintenance attempts to detect the onset of a degra-

dation mechanism with the goal of correcting it prior 

to a significant deterioration in the component or 

equipment. Corrective maintenance is a repair nec-

essary to return the equipment to properly function-

ing condition or service and may be either planned 

or un-expected. Some equipment, at the end of its 

service life, may need an overhaul: a restoration to a 

completely serviceable condition as prescribed by 

maintenance serviceability standards.  

 

The purposes of a complete maintenance program 

include: 

- reduce unscheduled shutdowns and repairs; 

- reduce capital repairs; 

- extend equipment life; 

- minimize life-cycle costs; 

- provide safe, functional and reliable systems 

and facilities. 

One example is heating or hydraulic balancing: it is 

very important especially when centralized heating 

systems with significant line lengths and numerous 

pressures reducing branches, bends and fittings are 

used in a nZEB. The flow and heat transfer, with in-

creasing distance from the boiler system and pump, 

are increasingly low accompanied by some comfort 

problems, so a hydraulic compensation has to be 

done. Thanks to this maintenance measure it is pos-

sible to achieve 5-10 % energy savings, increase com-

fort and intercept other problems as heating systemõs 

noise. 

 

 

5.2.  RENOVATING A BUI LDING: DEFINITIONS A ND LEVELS  

The renovation represents an important step of 

the building life cycle that allows ensuring the 

proper operation of a building increasing the life 

cycle perspective. The word òrenovationó can be 

adopted for describing different levels of interven-

tion. Renovation can deal with interventions for 

replacing or upgrading a single element or multiple 

parts of the building as well as the installation of 

RES. 

Thanks to the EPBD (Energy Performance of 

Buildings Directive EPBD defined in 2002, recast 

in 2010 and updated in 2018), the renovation of a 

building has to be linked with an improvement of 

the energy performance, and according to the level 

of the renovation each Member State established - 

different performance requirements for either the 

single element or the overall building. 

By using a classification by BPIE, when the appli-

cation of a single measure (e.g. installation of a new 

boiler or roof insulation) can be defined as minor 

or simple renovation, and it is usually expected 

energy saving up to 30%. 

BPIE also introduced another level, i.e. moderated 

renovation, implementing from 3 to five building 

elements, allowing for a saving ranging from 30 to 

60%.  

Concerning higher levels of interventions, the En-

ergy Efficiency Directive 2012/27/EU introduced 

the concept of deep renovation as a òrefurbishment 

that reduces both the delivered and the final energy consump-

tion of a building by a significant percentage compared with 

the pre-renovation levels, leading to a very high energy per-

formanceó. Implementing a deep energy renovation 

means to adopt an integrative approach at the 

whole building level, allowing for a more cost-ef-

fective process and for higher energy savings in 

comparison to the adoption of separate energy ret-

rofit measures. 

Although the EU Directives do not provide a 

quantitative definition of a deep renovation, it is 

possible to link the concept to the major renova-

tion, introduced by the EPBD 2010/31/EU as a 

set of interventions fulfilling one of the following 

conditions: 

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012L0027&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012L0027&from=EN
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¶ either more than 25% of the surface of the 

building envelope undergoes renovation  

¶ or the total cost of the renovation of the build-

ing envelope, or the technical building systems 

are higher than 25% of the overall value of the 

building.  

The Energy Efficiency Directive EED does not 

provide a quantitative energy saving target for a 

deep renovation but stated that it represents a so-

lution able to reduce both the delivered and final 

energy consumption of a building by a significant 

percentage compared with the pre-renovation lev-

els. On the other hand, the European Commission 

promotes several funding programs (e.g. Horizon 

2020, Life, etc.) aimed to find effective solutions 

for deep renovation, and set, as a reference value, 

a minimum primary energy saving objective at 

least of 60% comparing to pre-renovation. 

The most ambitious level is the renovation to-

wards nZEB, aimed at implementing the set of 

measures to an existing building leading to that tar-

get, usually reducing up to 90% of the building en-

ergy consumption. 

BPIE associated average renovation cost for the 

building surface according to the level of interven-

tion, as reported in the table below. 
 
Table 9: Average cost for different renovation level 

 

LEVEL  
COST OF THE 

RENOVATION [û/M2]  

Minor 60 

Moderate 140 

Deep 330 

nZEB 580 

 

 

5.2.1.1.  BUILDING RENOVATION PROCESS: SPECIFICITI ES 

The renovation of a building follows a path similar 

to a new construction: it is linked to a new life cy-

cle of the building and presents the same macro 

phases design, construction and operation. 

Nevertheless, the initialisation is different, since 

the renovation process usually starts from one of 

the following issues: 

¶ Failure in the equipment or building elements, 

¶ Reached end of life of one or more elements 

¶ Upgrading performances (e.g. energy, safety, 

etc.) 

¶ Different needs of the users (e.g. new building 

use) 

Moreover, each design and construction process is 

affected by several uncertainties, that can be easily 

identified and solved for a new construction, while 

they are more difficult to be identified during a 

renovation, and starting the activities is needed for 

having a clear overview of the possible issues. The 

uncertainties can lead to higher cost and longer im-

plementation time, affecting the estimated LCC of 

the intervention.  

The uncertainties and difficulties could be linked 

with: 

¶ Lack of original plans and drawings (or incor-

rect copies) 

¶ The difficulty of identifying the features of the 

element (layers and materials) 

¶ Conservation needs 

¶ Compatibility of the renovation with existing 

structure and materials 
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5.2.1.2.  RENOVATION VS NEW CO NSTRUCTION  

When renovating the building or proceeding with 

a new construction could be challenging for a 

building owner since the decision strongly affects 

the building life-cycle cost. The decision whether 

to renovate or to rebuild needs to consider both 

the profitability of energy savings and if proceed-

ing with a new building would lead to minor un-

certainties. 

There are several tools and approaches for sup-

porting this decision making in this field, and 

usually, the main factors are related to the invest-

ment cost, the future market value of the existing 

building, the energy and environmental impact of 

the applied measures (Morelli, 2014) 

The analysis of the cost and benefits for support-

ing the decision deals to four main categories: (1) 

planning, (2) facilities management, (3) project re-

quirements, (4) site considerations. 

In particular, it is possible to identify some key as-

pects to be considered in the process: 

 

Planning  

1. Defining the expectations and targets of the 

stakeholders involved is a key activity for the deci-

sion making 

2. The use of the building before and after the ren-

ovation is an important issue to be analysed since 

a deep reshaping of the building could be needed 

in case of changing the use 

 

 

 

 

Facilities management  

Designing a new building would allow installing 

new facilities and technologies without constraints 

due to the existing structure, and the materials, as 

well as HVAC and electric systems, can be selected 

only according to cost-effective life cycle criteria, 

reducing the maintenance costs. 

 

Project requirements  

1. The requirements promoted by the building 

codes are always evolving and could mean to fulfil 

ambitious targets with the overall building, having 

a high impact on the cost. In this regard, a detailed 

analysis of the costs of additional works is strategic 

for the decision. 

2. The structural safety of the building is a crucial 

issue for driving the decision. In particular, an 

analysis of the consistency of the existing structure 

and the investigation of past interventions is 

needed. 

3. The materials used in existing buildings (e.g. as-

bestos, pollutants, etc.) could not meet the current 

requirements for a building. Thus an additional re-

pair has to be implemented increasing the timing 

and the cost of the renovation.  

 

Site considerations  

Renovating a retail store in an area where there is 

no economic growth is a good example of why the 

location is crucial. Is the building in a location 

where renovations will actually generate a return 

on the investment? 
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5.3.  PITFALLS AND BOTTLEN ECKS  

 

 

 

Figure 31: Operation process ð pitfalls 


































































































































































































